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RESEARCHES ON ‘ STONE J 


Part IX. 

i 

STUDIES IN CALCIUM AND PHOSPHORUS METABOLISM 


BY 

S RANGANATHAN, m sc 

{Undet the dvection of Colonel R McCamson, I M S , JSfututional Research 

Labo) atones, I R F A , Coonooi ) 

[Received foi publication, December 20, 1930 ] 


Previous woik on uiinaiy calculus in these laboiatones (McCamson, 1927 
to 1930, Newcomb and Ranganathan, 1930, Ranganathan, 1930) have shown 
that the stones pioduced expemnentally m albino lats weie of two mam 
varieties one, a well-defined, crystalline stone, consisting foi the most pait of 
ammonium magnesium phosphate, but containing no calcium, the othei, an 
ill-defined, hetei ogeneous mass, containing an abundance of calcium, chieflj'- 
as carbonate, less often as hydi oxide These two types, though diffenng 
markedly fiorn one anothei, had one featuiemn common complete absence 
of uric acid The expenmental diets, which gave use to them, had deficiency 
of fat-soluble vitamins as then common factoi They fall into two bioad 
categones those to which lime was added and those to which bine was not 
added The foimei gave use to stones which weie mvanably of the ammonium 
magnesium phosphate vanety, the lattei to stones which weie mvanably of 
the calcium caibonate oi hy dioxide variety It seemed, theiefoie, that the 
addition of lime to the deficient diets profoundly affected calcium metabolism 
Accoidmgly, an investigation was undertaken with the obiect of tracma the 
coiuse of the ingested lime tlnough the body At the same time the met* 
bohsm Of phosphoius and magnesium, the two impoitant elements occurnne 
the non-calcium stones, was also studied To this end, vanous deficient 
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diets which had pioved to be of high stone-pi oducmg potenci 7 weie used 
(McCamson, 1927-1930) 

Experimental. 

The animals weie kept in individual metabolism cages, specially designed 
m these laboratories foi such metabolic studies In the piesent studies gieat 
piecautions weie not taken to pi event fei mentation of the unne and the faces, 
as the investigation was limited to mineial metabolism alone 

The basal diet used m these experiments consisted of 97 gi amines of white 
biead and 3 grammes of diied yeast to which weie added 25 grams of slaked 
lime and 25 diops of an iodine solution containing one milligram of iodine per 
Iitie Seveial modifications of this diet weie made, and the effects of the 
change on the mmeial metabolism studied These modifications were as 
follows additions of ladiostoleum (vitamins A and D), sesame oil, milk, 
sodium phosphate, buttei, sodium phosphate and vitamin A, vitamin A alone, 
sodium phosphate and ladiostoleum, ladiostoleum alone, oi cod-livei oil to 
the basal diet Two young albino lats m glowing penod weie fed on each of 
these diets The diets wei c made into a homogeneous, non-cnunhhng — neither 
too liaid noi too soft — mass and picssed into small glass food-contameis each 
holding 20 to 25 giammes The animals weie piovided with distilled water 
ad libitum, when milk foimed pait of the diet, it was given m known quantity, 
the amount left unconsumed m the milk tube being measuied the next 
morning 

The animals -weie fed at 11 am daily and the following morning the food 
left unconsumed was picked out of the containeis and weighed The food- 
intake of each animal was thus ai lived at, due allowance being made foi loss 

of weight consequent on diving This loss was slight, it ranged m the 13 

diets used between 1 5 and 3 pei cent 

The calcium, magnesium and phosphate contents of the vanous diets w'eie 
estimated The urines w r eie collected daily into stoppeied bottles and analyses 
made on representative samples of them collected duiing each week In 
collecting the uimes, unnaiy deposits ware often noticed sticking to the stem 
of the funnel and to the bottom of the collecting flask These deposits weie 
dissolved in 5 to 10 c c of concentrated hydiochlonc acid on the last day of 
each weekly collection, and added to the mam bulk of the urines An addi- 
tional advantage of this pioceduie was that it held m solution salts which 
would othci wise have been tlnowm out of solution duiing the storage necessaiv 
before analyses could be completed by a single workei Befoie the addition 

of the hydiochlonc acid solution of the unnaiy deposits to the mam bulk of 

the urines, aliquots of the repiesentative samples weie taken and utilized foi 
chloride estimation Total nitiogen, phosphate, calcium and magnesium were 
determined m the lemaindeis The freces w r eie collected daily at lea^t tw r o 
hours before the admimstiation of food, caie being taken to avoid then 
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contamination by food particles They were weighed and then dried at 100°C 
foi over 6 hours When completely diy, they weie again weighed, powdered 
and lepiesentative samples taken foi analyses Phosphates, calcium and 
magnesium weie detei mined in them 


Methods of analysis 

Pood A known weight of the food was ashed at low heat to constant 

weight, the ash taken up in hydiochloiie acid, and calcium, magnesium 
and phosphates determined m the usual manner m the acid solution 

i Urine — Chlorides were estimated by Volhard’s method m representative 
samples of unne and the values computed as peicentages of NaCl 

Nitiogen and phosphates weie determined as follows 1 c c of the mine 
was wet-ashed with 16 cc of concentiated, mtiogen-fiee sulphunc acid and 
a few ciystals of potassium sulphate To facilitate the digestion of the oigamc 
mattei in the urine, it was found advisable to add about 0 2 to 0 3 c c of 
‘ Mei ckozone ’ (12 oi 20 volume stiength) It was then mixed well, about 
ten minutes being allowed before digesting ovei a naked flame These wet- 
ashmgs weie made m 'special haid-glass Pyiex test tubes Aftei complete 
digestion, it was extracted with distilled watei and the extiacts made up to 
volume m a 50 cc measuimg flask An aliquot, brought appi oximately to 
the neutral point by addition of normal sodium hydi oxide solution, was diluted 
to about 40 oi 45 cc in a 50 c c measuimg flask Two cc of Nessler’s 
leagent weie then added, the volume made up and matched m a colonmetei 
against suitable standaids tieated likewise Phosphates were determined m 
aliquots of the above by a modified Kuttnei and Cohen’s micro-method 
(Ranganathan, 1930) Values are expiessed as peicentages of P 2 0 5 

Calcium and magnesium were detei mined in the usual manner in the ash 
of the urines extracted with hydiochlonc acid, and reported as peicentages of 
CaO and MgO respectively 


Fences A weighed amount of the faeces was ashed m a porcelain crucible 
at not veiy high temperatuies and the ash exti acted with about 3 to 5 c c 
of concentrated hydiochlonc acid The acid extract and the subsequent 
flashings with distilled water weie passed thiough a filter papei and the filtrate 
made up to volume It was mvanably noticed that, while exti acting the ash 
of the faeces with acid, a majoi poition of the ash lemamed undissolved pre- 
sumably containing the siliceous mattei fiom the food It was suspected that 
tins insoluble poition of the ash contained a little of the elements sought for 
viz, Ca Mg and P and so, with a view to bung it into solution, it was 

and the results expressed as “ 8es 
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t* 


It is thus possible from the above analysis to foiro a fairly accurate 
estimate of the actual intake of Ca, Mg and P, and of the respective amounts 
of them that aie cxcieted tlnough the unnary and intestinal tracts, and 
thcicfrom to amve at the amounts lotamed in the body 

Limitations of the experiment 

Though much attention was bestowed to detail in an endeavom coirectly 
to amve at the balance of the tlnee mmeial mgiedients, it is not to be undei- 
stood that these experiments aie devoid of the fallacies commonly associated 
with similar metabolic expenments The piecautions and experimental skill 
tend only to keep them at as low a minimum as possible Foi instance, it is 
difficult to avoid the loss of mine voided dunng weighing of the animals It 
is difficult also to collect all the pai tides of the fasces, especially m those 
instances where the animals pass semi-sohcl stools, portions of which inevitably 
stick to the wire-mesh Washing them out and adding to the mam bulk is 
not feasible, much less is it advisable 

Recoids of the intake of food, the volume of mine voided, the weight of 
the faeces cxcieted and the. weekly body-weight were maintained for each 
animal 

Three senes of experiments weic undei taken, the obseivations being 
recoidcd m the three following paits — 

Series I. 

The mmeial metabolism under this head was confined to the following 
foui diets 

Gioup I received a modified 'stock' diet,* consisting of ‘ atta ’ chapatties, 
spiouted giam, cabbage and milk, 

Gioup II i cooivcd the basal diet of white bicad, yeast, lime and iodine 
[vule mjia) without fmthei addition, 

Gioup III 1 cceivcd the basal diet, whcicm 2 parte of white bicad were 
leplaced by 2 of sesame oil containing half a diop of ladiostoleum (300 Blue, 

B D H) The consumption of i adiostolcum was appi oxnnatcly 0 06 of a 

diop pei lat pel day, 

Gioup IV lcceived the same diet as Group III but without the radio- 
stolcum 

Weekly analyses of the mines and the faces wcie made to find out the 
exciction of calcium, magnesium and phosphates bv methods detailed m the 
preceding portion of the papei These observations weic extended to six 
weeks when the following altciations m the diets weic made The animals m 


* The original ' stock ’ diet included in addition carrots and occasional!} meat 
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Gioup I weie given m addition slaked lime to the extent of 5 giams pei rat 
pei day (mcoipoiated in 20 giammes of food) while the othei three groups 
leceived milk m addition This alteiation m the diets was made with a view 
to finding out what changes, if any, weie bi ought about in the excretion of 
lime by its addition to the ' stock ’ diet and what by making good the vitamin 
deficiencies of the othei diets by the addition of milk The obseivations of 
mmeial metabolism, undei the alteied conditions, weie cained out foi a 
fuithei six weeks The lesults aie set out m Tables I A, B and C and 
Table II Table I gives the lesults as total excreted, while Table II give? 
the peicentages m the samples of urines oi fseces The lesults foi the fteces 
aie lepoited on moistuie-fiee samples 


Table I-A 


CALCIUM AS (CaO) 


Sample 



Output 


BALANCE OR HLTLMIO.N 

number 

Intake 







mg 

Unne 

Faeces 

Total 

Mg 

Pei centage 



mg 

mg 

mg 

of intake 


1 

828 

11 

113 

124 

704 

85 


2 

S39 

64 

106 

170 

669 

SO 


3 

829 

33 

113 

146 

6S3 

S3 


4 

853 

69 

115 

184 

669 

78 


5 

867 

56 

131 

187 

6S0 

79 

M 

6 







£■ 

847 

37 

194 

231 

616 

73 

o 

u 

O 

7 

2,137 

50 

761 

811 

1,326 

62 


8 

2,161 

26 

1,092 

1,118 

1,043 

48 


9 

1,989 

52 

858 


1,079 

54 


10 

2,090 

29 

1,231 


830 

40 


11 

2,260 

50 

1,552 


658 

29 


12 

2,163 

72 

1,661 

1,733 

430 

20 

Mean for 
the fust 6 

844 

45 

129 

174 

670 

80 

Meeks 







Mean for 
the last 6 

2,133 

46*5 

1,192-5 

1,239 

S94 

42*2 

weeks 

















Group III I Group H 
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Table I-A — contd 


CALCIUM AS (CaO) 


Sample 

number 

Intake 

mg 

Output 

Balance or retention 

Urine 

mg 

Faces 

mg 

Total 

mg 

Mg 

Percentage 
of intake 

1 

1,260 

250 

375 

625 

635 

50 

2 

1,010 

131 

269 

400 

610 

60 

3 

1,184 

165 

302 

467 

717 

60 

4 

945 

186 

229 

415 

530 

56 

5 

90S 

92 

211 

303 

605 

67 

6 

208 

10 

60 

70 

138 

67 

7 

1,262 

61 

394 

455 

807 

64 

8 

1,363 

138 

575 

713 

650 

48 

9 

544 

16 

206 

222 

322 

59 

1 

1,288 


290 

490 

798 

62 

2 

1,296 

194 

278 

472 

824 

64 

3 

1,216 

203 

201 

404 

812 

67 

4 

1,310 

377 

336 

713 

597 

46 

5 


351 

259 

610 

790 

56 

6 

1 

1,376 

597 

275 

872 

504 

37 

7 

1,518 

265 

401 

666 

852 

56 

8 

1,604 

51 

537 

588 

1,016 

63 

9 

1,629 

26 

651 

677 

952 

58 

10 

1,618 

33 

710 

743 

875 

54 

11 

1,657 

26 

752 

778 

879 

53 

12 

1,670 

56 

1,088 

1,114 

526 

32 

Mean for 
the first 6 
weeks 

1,314 

320 

273 

593-5 

721 

55 3 

Mean for 
the last 6 
weeks 

1,616 

75 5 

690 

766 

850 

52-7 
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Sample 

number 


fc 


1 

2 

3 

4 

5 

6 

7 

8 


CALCIUM AS (CaO) 


Output 


Intake 

mg 


1,112 

1,068 

1,215 

1,150 

1,200 

1,170 

1,351 

1,396 


Urine 

nig 

223 

156 

204 

196 

160 

88 

20G 

57 


Faeces 

mg 

446 

349 

279 

248 

303 

321 

426 

495 


Total 

mg 


Balance oh retention 


Mg 


Peicentage 
of intake 


669 

505 ^ 

483 

444 

463 

409 

632 

552 


443 

563 

732 

706 

737 

761 

719 

844 


40 

53 

61 

61 

61 

65 

53 

61 


9 

10 

11 


1,495 

1,375 

1,552 


98 

45 

40 


888 

734 

779 


12 


1,486 


Mean for 1,152*5 
the fiist 6 
weeks 


69 


171 


729 


324 


Mean for 
the last 6 
weeks 


1,442*5 


86 


675 


986 

779 

819 

798 

495 5 


761 


509 

596 

733 

688 


657 


6815 


34 

43 

47 

46 


568 


47 2 


It will be seen fiom Table I that theie was veiy little excretion of calcium 
through the unnary tiact of rats dui mg the gi owing penod of life when they 
were fed on the ‘ stock ’ diet Even when the calcium content of the diet was 
gieatly inci eased by the addition of slaked lime, the excietion of calcium in the 
urine was not appreciably affected, though the excietion thiough the bowels 
was gieatly mci eased These lesults are m confoimity with those of Stewait 
and Peicival (1928), and Telfei (1922) and Bauei, Albught and Aub (1930) 
But the addition of lime to diets of which the chief deficiencies weie fat- 
soluble vitamins and phosphates led to a great excietion of calcium through 
the unnai y tiact The excietion of calcium through the bowels was also great 
When the above deficiencies weie paitly collected by the addition of milk the 
urinai y calcium deci eased while the faecal calcium conespondmgly increased 
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Reseat dies on ‘ Stone.’ 


Table I-B 


PHOSPHATES (PA) 


Sample 

number 

Intake 

mg 

Output 

BaI-UsCL or 

RLTENTION 

CaO 

letamed/ 

PA 

letamed 

Unne 

mg 

Preces 

mg 

Total 

mg 

Mg 

Peicentage 
of intake 

1 

986 

320 

260 

580 

406 

41 

173 

2 

9S0 

44S 

* 180 

628 

352 

36 

1 90 

3 

946 

444 

155 

599 

347 

37 

197 

4 

1 103 

484 

212 

696 

407 

37 

1 64 

5 

1,122 

451 

202 

653 

469 

42 

145 

6 

1,039 

497 

340 

837 

202 

20 

3 05 

7 

1,026 

244 

620 

864 

162 

16 

S 20 

8 

1,037 

152 

858 

1,010 

27 

3 

3S-70 

9 

963 

164 

742 

906 

57 

6 

1S-9 

10 

1,006 

157 

1,004 

1,161 

—155 

—15 


11 

1,081 

118 

1,024 

1,142 

—61 

—6 


12 

1,038 

138 

1,106 

1,244 

—206 

—20 


Mean foi 
the first 6 
weeks 

1,029 

441 

225 

666 

364 

35 5 

196 

Mean foi 
the last 6 
weeks 

1,025 

162 

892 

1,054 5 

—29 

—2*7 


1 

392 

7 

182 

189 

203 

52 

3*13 

2 

315 

9 

100 

109 

206 

66 

2-96 

3 

370 

12 

71 

S3 

287 

78 

2-50 

4 

295 

1 

56 

63 

232 

79 

2 28 

5 

2S3 

mm 

S3 

95 

00 

CO 

T—1 

67 

3 22 

6 

65 

■9 

31 

35 

30 

46 

4 60 

7 

494 

34 

240 

274 

220 

45 

3-66 

s 

551 

43 

301 

344 

207 

38 

315 

9 

219 

10 

123 

133 

86 

39 

3 75 
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It was suspected that the appaient disci epancies m the estimations of the 
unnaiy calcium of animals in Gioup IV, just before the addition of milk, were 
possibly due to the development of stone in one of the animals, which 
exhibited clinical symptoms of this malady — piotiusion of the penis (which is 
a common symptom of stone) and loss of weight, this, it was thought, would 
lead to a stoiage of nnneial salts This suspicion was latei confiimed, when 
at the post-moitem, conducted by the Pathological Depaitment of these 
laboi atones, stones weie found both in the kidney and bladdei , these weighed 
19 2 and 95 0 mg lespectively Then compositions were as follows — 



Mois 

N 

PA 

CaO 

MgO 

CO, 

Kidney 

5 1 

1 6 

0 9 

44 2 

Tiace 

40 8 

Bladder 

3 6 

1 3 

1 4 

43 0 

1 5 

36 5 


The figuies lepiesent lesults on moistuie-fice samples 


Table I-B — contd 


Sample 

number 

PHOSPHATES (PAX) 

Intake 

mg 

Output 

Balance on retention 

CaO 

retained/ 

PAX 

letamed 

Unne 

mg 

1 

i Fames 

| mg 

Total 

mg 

Mg 

Pei centage 
of intake 


1 

402 

9 


169 

233 

58 

3-43 


2 

404 

7 

76 

83 

321 

80 

2 56 


3 

379 

11 

78 

89 

290 

77 

2-80 


4 

412 

7 

68 

75 

337 

82 

177 

M 

5 

438 

19 

136 

155 

283 

65 

2*79 

R 

a 

G 

429 

23 

136 

159 

270 

63 

1*87 

3 

O 

u 

a 

7 

579 

11 

221 

232 

347 

60 

2 46 


8 

609 

15 

265 

280 

329 

54 

3*10 


9 

637 

33 

345 

378 

259 

41 

3’68 


10 

634 

59 

344 

403 

231 

36 

3 78 


11 

637 

58 

431 

4S9 

148 

23 

5-91 

- 

12 

639 

95 

458 

553 

86 

13 

6-10 


Mean for 
the first G 

411 

13 

109 


289 

70*8 

2*54 

— 

weeks 








Mean for 
the last 6 
weeks 

622-5 

45 

344 

389 

\ 

233 

37 8 

417 
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Reseai ches on ‘ Stone ’ 
Table I-B — concld 


Sample 

number 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


Mean for 
the first 6 
weeks 


Mean for 
the last 6 
weeks 


PHOSPHATES (P 2 0 6 ) 


Intake 

mg 

Output 

Balance or retention 

CaO 

retained/ 

P 2 O c 

letamed 

Urine 

mg 

Faces 

mg 

Total 

mg 

Mg 

Percentage 
of intake 

350 

10 

237 

247 

103 

30 

4 30 

334 

8 

73 

81 

253 

76 

2 23 

378 

9 

74 

83 

295 

78 

2-48 

358 

7 

57 

64 

294 

82 

2-40 • 

375 

21 

107 

128 

247 

66 

2-98 

365 

17 

152 

169 

196 

54 

3*89 

527 

50 

252 

302 

225 

43 

3 20 

572 

60 

309 

369 

203 

35 

415 

579 

38 

553 

591 

—12 



545 

59 

372 

431 

114 

21 

5 21 

GOG 

61 

425 

486 

120 

20 

611 

580 

70 

348 

418 

162 

28 

4 24 

360 

12 

117 

129 

231 

64 3 

3*05 

568 

56 

376 5 

433 

135 

24 5 



The amount of calcium excieted tlnough the bowels in animals fed on 
the ‘ stock ’ diet exhibited a fairly close relation to the amount of phosphates 
m the fieces In this diet the two ingredients, CaO and P.0,, seemed to exist 
approximately in the latio obtaining m calcium phosphate Piesumably, the 
calcium was excieted tluough the bowels mostly m the form of calcium phos- 
phate This i elation of CaO to P 2 0 5 was not so well obseived m rats fed 
on the deficient diets, especially in the pie-milk penod, showing theieby that 
a considerable part of the calcium was excieted m «ome foim other than 
calcium phosphate, possibly as sulphate Qualitative tests showed that the 
fceces of the deficiently-fed animals contained moie sulphates than those of 
animals fed on the ‘ stock ’ diet 
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Sample 

number 


MAGNESIUM (MgO) 


Intake 

mg 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


Mean 
the firs 
weeks 


Mean 
the las 
weeks 


1 

2 

3 

4 

5 

6 
7 
S 
9 


213 

218 

212 

234 

239 

221 

429 

434 

398 


267 

107 


Unne 

mg 


53 

8 

9 
6 

10 
25 
27 
75 
19 


64 

4 


Output 


Faces 

mg 


419 

70 

455 

81 

434 

72 

r 233 

6 

185 

>r 428 

6 

57 

239 

85 

192 

11 

225 

28 

180 

11 

172 

17 

40 

9 

247 

50 


14 

10 

21 

32 

33 
170 
138 
312 
322 
267 
360 
385 


47 


297 


6 

26 

IS 

25 

25 

12 

50 

92 

47 


Total 

mg 


67 

18 

30 

38 

43 

195 

165 

387 

341 

337 

441 

457 


65 


355 


91 

37 

46 

36 

42 

21 

100 

156 

51 


Balance oh 

RETENTION 

Mg 

Peicentage 
of intake 

146 

68-6 

200 

919 

182 

86 0 

196 

83-9 

196 

82-0 

26 

11*8 

264 

617 

47 

10-8 

57 

14*4 

82 

19*6 

14 

3*1 

—23 

-5*3 

158 

70*7 

73 5 

18*2 

148 

62*0 

155 

80*8 

179 

79*7 

144 

80 0 

130 

757 

19 

47 6 

147 

59 7 

111 

415 

56 

52*5 
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Reseat ches on ‘ Stone ’ 
Table I-C — contd 


MAGNESIUM (MgO) 



Sample 

numbei 

Intake 

mg 

| Output 

Balancl or retention 

Unne 

mg 

Faeces 

mg 

1 Total 

1 mg 

Mg 

Pei centage 
of intake 


! i 

245 

67 

14 

81 

164 

67 0 


2 

246 

7 

1 

21 

28 

218 

88 5 


3 

231 

19 

19 

38 

193 

837 


4 

251 

IS 

36 

54 

197 

78-3 


5 

260 

32 

49 

81 

185 

69 7 

p 

HH 

6 

262 

78 

49 

127 

135 

53 7 

2*i 








o 

S-c i 

7 

296 

51 

66 

117 

179 

6ff4 

o 

S 

312 

65 

72 

137 

175 

56 0 

■ 

9 

319 

16 


126 

193 

60 7 


10 

317 

56 

81 

137 

180 

57 0 


11 

324 

4S 

116 

164 

160 

49 5 


12 

326 

42 

115 

157 

169 

519 

Mean foi 
the first 6 
weeks 

250 

37 

31 

68 

182 

73T5 

Mean for 
(he last 6 
weeks 

316 

46 

93 

140 

176 

55 9 


As legards phosphates theie was, compai atively speaking, a fai gi eater 
excietion of phosphates in the urine of lats fed on ‘ stock ’ diet than in that of 
others fed on the deficient diets When lime w as added to the ' stock ’ diet, 
the unnaiy phosphates lapidly decieased, while the faical phosphates cones- 
pondingly mci eased In the deficiently-fed iat«, there was veiy little excietion 
of phosphates m the mine, but when milk wa« added, the unnary phosphates 
increased giaduallv The faecal phosphates also mci eased It is to be noted 
that m the post-milk penod, there was a gieatei intake of phosphates 

A study of the excietions of CaO and P_0 5 in rats fed on the foui diets 
shows that the unnaiy excretion of phosphates ‘seemed to be governed by the 
intake of CaO and P_0 o If the diet be well-balanced as regards its calcium 
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MAGNESIUM (MgO) 


Sample 

numbei 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


Mean for 
the first 6 
weeks 


Mean for 
the last 6 
weeks 


Intake 

mg 


Output 


Bai ancc or jh ti ntion 

Unne 

Fames 

Total 

Mg 

Pei centage 


mg 

mg 

mg 

of intake 

214 

80 

11 

91 

123, 

57 6 

203 

13 

19 

32 

171 

S4 0 

231 

31 

17 

48 

1S3 

79 2 

218 

20 

30 

50 

16S 

77 0 

228 

36 

36 

72 

156 

6S-4 

i 222 

39 

41 

80 

142 

64 0 

264 

49 

50 

99 

165 

62 7 

275 

42 

74 

116 

159 

54 1 

292 

14 

167 

181 

111 

3S-0 

270 

48 

90 

138 

132 

4S*S 

303 

32 

91 

123 

ISO 

596 

292 

26 

64 

90 

202 

69 2 

219 

36 5 

26 

62 

157 

717 

283 

1 

35 

S9 

124 5 

158 

55 4 


sbould theo.et.cally be only veiy little exc.et.on of 
letamed m the svst A ^ eitain amount of the calcium taken m the food is 
the calcium .ctamel ™’ n “T* °u ph ° Sphate that "°» ld 8° to balance 
and possible this accounts f T piob ‘ lbly bo excleted th.oi.gh the kidneys, 
of lats fed on ' steel-' ^ L ?! excletlon of phospl >ates ... the u.me 

"as a nc.onde.atmg ex ess of' J? deflci f 1 ly f d ™>™ls, "he.e the.e 

phosphate was left, afte. con bmat.n Tl °'T phosphates ' ™y bttle of the 
m the mine Again the center " ' ° a Clum ln bbe boW(da ’ to be excieted 

animals was due only to the relat, mmary excletlon of Phosphates in ‘stock’ 

*et and not to the contet „f M ° f ^ P =°» 111 «'e ‘ stock ’ 

of fat-soluble vitamins ,n the diet, this was well 
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Beseat dies on ‘ Stone ’ 


Sample 

number 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


Mean for 
the first 6 
weeks 


Mean for 
the last 6 
weeks 


1 

2 

3 

4 

5 
G 
7 
S 
9 


Table II 


Output of CaO in 

Output of P 2 O s in 

Output of MgO in 

Urine 

Pieces 

Urine 

Pieces 

Urme 

Fieces 

Peicentage 

Percentage 

Percentage 

0 007 

(1238 

0-21 

1 

0 035 

Trace 

0-032 

(153 

0-23 


OD04 

Trace 

0 019 

0 56 

0 254 

0-82 

0005 

Trace 

0-034 

0 53 

d238 

100 

0 003 

0*09 

0"026 

0-60 

£1212 

140 

(1005 

0*151 

0-018 

104 

(1245 

2-04 

(1012 

103 

0 022 

3 48 

0 107 

2-93 

(1012 

0-65 

0 014 

4 30 

0 079 

3 45 

0-039 

125 

(1025 

4 25 

0-078 

375 

0 009 

162 

0*015 

4 75 

0 081 

3 94 

0 036 

105 

0-021 

5 40 

0-048 

3 61 

0-033 

1-27 

(1032 

6 48 

(1060 

4 36 

(1032 

152 

(1023 

0 58 

0232 

1 18 

o-oii 

Or 21 

0 022 

4 44 

0*076 

3-67 

(1027 

123 

018 

2-82 

0005 

188 

0-062 

Trace 

(1125 

510 

0 009 

2 05 

0010 

Trace 

0-140 

5 80 

dOU 

142 

0*024 

Tiace 

(1248 

5 82 

0009 

137 

0-014 

(1554 

(1131 

612 

aois 

2 51 

(1024 

0752 

0-039 

9 20 

0 017 

5 IS 

(1036 

196 

0 041 

CO 

0 023 

4 71 

0*034 

0*98 

0 065 

8-29 

0020 

4 40 

0030 

134 

0-039 

630 

0*025 

378 

(1009 

144 
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Sample 

number 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


Mean 
the firs 
■weeks 


Mean 
the las 
weeks 


Output of 

CaO in 

Output of PaOc in 

Unne 

Pieces 

Uime 

Faeces 

Percentage 

Peicentage 

0 26 

2 39 

o-ou 

150 

0-303 

5*43 

0 011 

157 

0*256 

3 52 

OT014 

145 

0-305 

5 32 

0-005 

1 12 

0 283 

4 66 

0 015 

2-14 

0-339 

4 40 

0-013 

2 38 

0-218 

5 33 

0-009 

3*04 

0 032 

7 89 

0-009 

3 95 ! 

0-015 

7 72 

0019 

416 

0-020 

8-04 

0*036 

3 95 

0-014 

7 90 

0-030 

4 59 

0 028 

10-56 

0-049 

4 50 

or 0*291 

6 

4 29 

0 012 

1-69 

for 0-055 

t 6 

7 91 

0-025 

4 03 


Output or MgO in 


Urine Faces 


Percentage 


0-088 

Trace 

0*011 

Tiace 

0 025 

Tnce 

0-015 

0 46 

CT026 

0T82 

0-044 

0-86 

0 042 

0 91 

0*041 

1*06 

or 009 

132 

0 034 

0-93 

0-025 

124 

0-021 

1,2 

0035 

( 

0*36 

i 

0 029 

110 


shown by the behaviom of lats (Gioup III) receiving i adiostoleum J ' It was 
also shown by the lats on ‘stock’ diet m the post-lime period wlieie a gieat 
unbalance between CaO and P 2 0 5 was brought about by the addition of laige 
amounts of calcium to the diet 

It wall also be seen fiom Table I that, m lats on ‘stock’ diet, about 
80 pci cent of the calcium intake was letamed m the system, while m the post- 
lime penod, the letention fell to 42 2 per cent of the intake Howevei, the 
amount of calcium letamed m the post-lime penod was gieatei than m the 


* It is possible, however, that the amount of fat-soluble vitamins added to the deficient 
diet in the foim of rndiostoleum may haie been insufficient for the metabolic needs of the 
animals But as will be seen later m series III, the same observations were noticed men 
when the ndiostoleum content of the diet was increased sixteen-fold 
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Reseat ches on ‘ Stone ’ 


Table II — concld 



Sample 

number 

Output of CaO in 

Output of P Ob in 

Output or MgO in 


Urine 

Faeces 

Urine 

Faeces 

Uime 

j Faeces 



Pei centage 

Percentage 

Percentage 


1 

015 

5*95 

0*007 

3 35 

0*054 

Trace 


2 

0134 

6 45 

l 

1*41 

o-ou 

Tiace 


3 

a 163 

5 62 


157 

0 025 

Trace 


4 

0-141 


0 005 

132 

0-015 

0 55 


5 

0124 

6-68 

0-017 

2 43 

0-028 

0-82 

> 








p' l 

6 


6 91 

ff014 

3-38 

0-031 

0-91 

o 

7 

0-174 

7 18 

0-042 

4 33 

0 042 

0-86 

6 








S 

0 043 

7 96 


5 02 

0*031 

120 


9 


7 IS 

0 024 

4 55 

0 009 

137 


10 


8-65 

0-039 

4 43 

0 032 

100 


11 

0-021 


0 032 

4 96 

0 017 

106 


12 

0-037 

9-50 

0-038 

4 58 

0"014 

0 84 


Mean foi 
the first 6 
weeks 

0131 

» 

6 20 

o-oio 

2-24 

0-027 

0-038 


Mean for 
the last 6 
weeks 

0-061 

8 25 

0 039 

4 65 

1 

0 024 

107 


pre-lime penod, this mciease being on the average from 670 to 894 milligiams 
of CaO Again, m the pie-lime period, theie was an aveiage retention of 
35 5 pei cent of the intake of phosphates, while m the post-lime penod, there 
was a negative balance amounting to 2 7 pei cent of the intake Fiuthei, the 
retention of MgO decreased with the addition of lime to the diet, fiom 70 7 
pei cent in the pie-lime penod to 18 2 per cent of the iritake m the post-lime 
period Judging from the above lcsults leported as percentages m Table II, 
it is seen that in i ats on ‘ stock ’ diet, there w T as an average unnai j c\ci etion 
of 0 023 pei cent of CaO during the pre-lime penod Even when the intake 
of CaO was greath increased, the peicentage of unnan CaO remained almost 
the same, the aveiage percentage being 0 022 The addition of lime to the 
diet increased the peicentage of fa?cal CaO, fiom 0 58 m the pre- to 4 44 in 





















S. Ranganathan 


17 


the post-lime penod Again, the addition of lime decreased the percentage of 
uiinaiy e\ci etion of phosphates, this decicase being on the aveiage fiom 
0 232 to 0 076 pei cent Theie was a coiiesponding mciease, from 1 18 to 
3 67 pei cent m the peicentage of f fecal phosphates The peicentage urinary 
e\ci etion of MgO was inci eased fiom 0 011 to 0 027, while m the fseces, there 
was a moie mailced mciease fiom 0 21 to-1 23 per cent 

The animals m Gioup II weie of pool health foi a majoi poition of the 
period they were undei obseivation They declined fiom the first week 
onwaids till eventually they died befoie the completion of the sixth week 
(Fig IV) Otheis kept on the same diet foi some time weie substituted for 
them They also weie of declining health and hardly survived for three 
weeks, m spite of the addition of milk to then diet The results are lncor- 1 
poiated moie foi pui poses of lecord than for instituting any comparison with 
the results obtained from othei diets 

Theie was in the pie-milk penod considerable excretion of CaO through 
the kidneys of animals m Gioup III, amounting on an average to 320 mg 
or about 25 per cent of the intake When milk was added to the diet, the 
CaO excretion fell fiom 597 mg m the last week of the pre-milk penod to' 
265 mgins m the fiist week of the post-milk period In the eighth week, there 
was a further fall to 51 mg oi to less than a fifth of the pievious week’s, 
excretion The faecal CaO mci eased markedly on the addition of milk, the 
mciease being on the average from 273 to 690 mg While a gi eater amount 
of CaO was retained m the system dui mg the post-milk penod, the retention, 
calculated as a peicentage of the intake, showed a slight fall The retention 
of P 2 0 B dunng the pie- and the post-milk peiiods, expiessed as peicentages 
of the intakes, showed a steady fall, fiom 70 8 to 37 8 per cent, while the 
amounts letamed m the system did not exhibit this wide variation The 
extra MgO added to the diet through the milk was mostly excreted m the 
fseces 

In Group IV, whose diet was the same as m Group III except that it 
contained no ladiostoleum, the urinary exci etion of CaO was appreciable, 
amounting on the aveiage to 171 mg m the pre-milk period The addition 
of milk reduced this exci etion, the average being only 86 mg The fiscal 
CaO was inci eased from 324 mg m the pie- to 675 mg m the post-milk 
penod The amounts of CaO retained m the two periods 1 were much the 
same, though the peicentage letention showed a slight fall The fecal 
phosphates mci eased markedly fiom 117 mg m the pie- to 377 mg m the 
post-milk penod, so much so that the amount retained during the latter period 
^as only half as much as that m the former The extia amount of MgO 
added to the diet through the milk was mostly excieted m the feces without 
materially altenng the excretion m uime oi the retention m the system 

Moie chlondes and less mtiogen were excreted m the urine by the 
deficiently-fed rats than by those fed on the ‘stock’ diet, the 'addition of 

J ♦ MR 

2 



Table III 

Showing food consumption 
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Showing mciease m bo dy-weight, volume of wine voided and weight of faces excreted 
I Sample number 
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milk did not cause any appieciable diffeience Moie urine and fseces were 
excreted on ' stock ’ diet than on the deficient diets , the same result was 
observed even aftei the dietetic deficiency was partly coirected by the addition 
of milk 

The unnaiy and fsecal excietions of CaO and P 2 O 0 m Gioups I, III and 
IV aie chaited out m Chaits 1, 2 and 3 The body-weights of the animals 
are given m Chart 4 Tables III, IV and V give food consumption of the 
animals m the different groups, weekly mciease in body-weights, urme voided 
and fseces excieted, and the total exeietion of chlondes and nitrogen m the 
urines 


Table V 


Showing unnary excretion of chlondes and nitrogen 


Sample 

number 

Group I 

Group II 

Group III 

Group IV 

Chlondes 

gs 

Nitro- 

gen 

gs 

Chlondes 

gs 

Nitro- 

gen 

gs 

Chlondes 

gs 

Nitro- 

gen 

gs 

Chlondes 

gs 

Nitro- 

gen 

gs 

1 

0-29 

1-80 

148 

0*95 

138 

085 

131 

100 

2 

Trace 

168 

1 16 

0-91 

1 12 

0-65 

105 

(781 

3 

0 23 

17S 

145 

100 

160 

0S8 

1-45 

(790 

4 

0-26 

2 35 

0-88 

0 72 

169 

1 12 

154 

0 97 

5 

0 09 

2-37 

0 82 

0*83 

186 

1 14 

142 

0*98 

6 

0 65 

2-55 

0-29 

0*18 

2 64 

(782 

138 

(783 

7 

0*29 

2 88 

2 21 

126 

142 

0 98 

1 15 

107 

8 

0-25 

2*41 

3-04 

1*24 

190 

1*26 

105 

1 11 

9 

0 50 

2 29 

0 55 

0-32 

2*01 

144 

168 

1 14 

10 

0*39 

216 



2*12 

145 

1*37 

1 17 

11 

0-32 

2*52 



2-02 

184 

150 

143 

12 

044 

2-92 



190 

186 | 

114 

1*31 


Series II 

The mineral metabolism under this head was confined to the following 
four diets — 

Group I received the basal diet of white bread, yeast, lime and iodine 
without further additions, 

Group II received the basal diet plus milk ad libitum , 


MILLIGRAMS 
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Group III received the basal diet plus sodium phosphate in amounts 
approximately equivalent to the amount of calcium m the diet so as to 
facilitate the formation of calcium phosphate, Ca 8 (P0 4 .) 2 , 

Group IV received the basal diet plus butter to the extent of 20 per cent 
of the food 
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CHART 3 

SHOWING EXCRETION 
OF CALCIUM AND PHOSPHATES 
IN RATS FED ON WHITE BREAD 
YEAST, LIME, IODINE AND GINGELLY 
OIL DIET. 



It was suspected, as a lesult of the metabolic studies lecoided under the 
fiist series of expenments, that if the diet rich in calcium were also to contain 
an abundance of phosphates, m quantities sufficient to foim calcium phosphate, 
then ven, little of the calcium ingested would pass thiough the kidneys, while 
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most of it would pass thiougli the bowels Further, it had been noticed m 
the first senes that addition of milk to caleium-nch diets was able to divert 
the couise of a majoi pait of the calcium from the urine to the faces In 
01 dei to deteimme whether this was achieved solely by the fat-soluble vitamins 



of the milk, oi by its phosphate content alone, oi by the conjoint effect of 
both, as suggested by Colonel McCamson, the above foui diets were employed 
The conjoint effect can be observed m Group II, while the individual effects 
of either phosphates oi fat-soluble vitamins can be obseived m Groups III 
and IY respectively 

As m the fiist senes weekly analyses of the urines and the faces were 
made to find out the excietions of Cab, MgO and P 2 0 c These observations 
weie extended to nine weeks The diets weie also analysed foi their CaO, 
AlgO and P„0 5 contents to evaluate the intake of the tlnee mmeial salts 
The lesults, as total excieted, aie reported m Table VI A, B and C, while 
able VII gives the same as percentages of the urines oi the faces The 
results foi the faces are reported as befoie on moistuie-free samples 
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Table VI-A 


CALCIUM AS (CaO) 



Sample 

number 

Intake 

mg 


Output 


Balance or retention 


Urine 

mg 

Faeces 

mg 

Total 

mg 

Mg 

Percentage 
of intake 


1 

930 

10 

318 

328 

602 

64 9 


2 

1,020 

13 

341 

354 

666 

651 

V-H 

3 

920 

118 

230 

348 

572 

62 2 


4 

1,188 

152 

282 

434 

754 

63-5 

S3 

5 

1,270 

129 

291 

420 

850 

67 0 


6 

1,238 

166 

222 

388 

850 

68-9 

o 

7 

1,160 

176 

195 

371 

789 

68 0 


8 

1.252 

56 

249 

305 

947 

75 8 


9 

1,330 

41 

316 

357 

973 

73T 


Mean 

1,145 

96 


■ 

778 

66 3 


1 

1460 

45 

243 

288 

1,172 

80 3 


2 

1,781 

112 

387 

499 

1,282 


►H 

►—I 

3 

1,782 

96 

421 

517 

1,265 

711 

Dh 

4 

1,901 

260 

589 

849 

1,052 

55 3 

S 3 

5 

1,947 

247 

772 

1,019 

928 

47*5 

o 

6 

2,014 

95 

813 

908 

1,106 

518 

7 

1,985 

130 

722 

852 

1,133 

56 9 


8 

2,214 

58 

1,034 

1,092 

1,122 



9 

2,281 

52 

1,047 

1,099 

1,182 

518 


Mean 

1,929 

122 




59-7 


1 

1,306 



53 


587 


2 

1,660 

iiijwifl 




39 4 


3 

1,800 

«««■ ■ . 




45 4 

M 

4 

1,922 


1,189 

1,255 

667 

34 7 

& 

5 

1,980 

jfnH: iHiiiji 

1,128 

1,209 

771 

39-0 

O 

6 

1,998 

110 

1,095 

1,205 

793 

39-8 

6 

7 

1,984 

142 

990 

1,132 

852 

43 0 


8 

1,962 

116 

839 

955 

1,007 

51*2 


9 

1,982 

79 

1,004 

1,083 

899 

45 3 


Mean 

1,844 

90 

952 

1,041 

803 

441 


1 


58 

304 

362 

676 

65 0 


2 


28 

472 

500' 

520 

51 0 

> 

3 


54 

237 

291 

637 

68-8 


4 


69 

251 

320 

630 

66 3 


5 


54 

207 

261 

739 

73*9 

o 

s- 

6 


67 

198 

265 

799 

74 8 

o 

7 


112 

176 

288 

796 

73 4 


8 


42 

273 

315 

821 

72-6 


9 


29 

287 

316 

840 

7 28 


Mean 

1042 

57 

267 

324 

718 

68-7 
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PHOSPHATES (P-OO 


Sample 

number 


Intake 


Urine 

mg 



Output 


; Bilaxcf or 

R1 TFNTIOIS 

CiO 

retention/ 
P-Oj leten- 

Fmces I 

Total i 

Mg 

Peicentace 

mg 

mg 

of intake 

lion 


110 112 160 5S9 3 77 

SS 91 207 69 6 2*23 

SO S7 1S2 67*S 3*15 

So 96 250 72 2 3 02 

SS 103 1 26S 72 2 317 
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Table VI -C 


MAGNESIA (MgO) 


Sample 

number 


1 

2 

3 

4 

5 

6 

7 

8 
9 


Mean 


1 

2 

3 

4 

5 

6 
7 
S 
9 


Mean 


a 

n 

& 

3 

o 

6 


1 

2 

3 

4 

5 

6 

7 

8 
9 


Mean 


> 

t-H 

& 

3 

O 

a 


1 

2 

3 

4 

5 

6 

7 

8 
9 


Mean 


Intake 

mg 


Output 


Balance or retention 

Urine 

mg 

Fseces 

mg 


Mg 

Percentage 
of intake 

163 

5 

63 

68 

95 

58-2 

179 

9 

55 

54 

115 

64 3 

161 

31 

38 

69 

92 

57 0 

208 

43 

44 

87 

121 

58*2 

223 

6S 

46 

114 

109 

48-9 

217 

45 

39 

84 

133 

613 

203 

24 

32 

56 

147 

72 2 

219 

23 

28 

51 

168 

770 

233 

21 

34 

55 

178 

76 4 

201 

30 

42 

72 

129 

63 5 

271 

28 

50 

78 

193 

71*1 

328 

76 

86 

172 

156 

47 5 


57 

80 

137 

193 

58-5 

ISElfl 


88 

195 

155 

44 3 

359 

113 

117 


129 

3670 

371 


113 

221 

150 

40-4 

365 

58 

89 

147 

218 

59 8 


59 

120 

179 

227 

56 0 

418 

65 

101 

166 

252 

60-3 

355 

75 

95 

169 

186 

52*7 

229 

20 

108 

128 

101 

442 

291 

45 

165 

210 

SI 

279 

316 

26 

134 

160 

156 

49*4 

337 

15 

152 

167 

170 

50 6 

347 

15 

153 

168 

179 

516 

350 

13 

135 

148 

202 

57 9 

349 

15 

110 

125 

224 

64 0 

345 

18 

89 

107 

238 

69-0 

348 

13 

107 

120 

228 

65 6 

324 

20 

128 

148 

175 

53 4 

182 

21 

97 

118 

64 

35 3 

17S 

20 

86 

106 

72 

40 5 

162 

26 

50 

76 

86 

53 0 

166 

18 

47 

65 

101 

60 8 

176 

22 

44 

66 

110 

62-7 

186 

17 

33 

50 

136 

73-0 

190 

24 

54 

78 

112 

59-0 

198 

29 

52 

81 

117 

59-0 

202 

24 

53 

77 

125 

618 

182 

22 

57 

80 

103 

561 
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Output of 

CaO in 

Output of PaOn in 

Output of MgO in 


Sample 

number 

Urme 

Fames 

Unne 

Fames 

Urine 

Faices 


Percentage 

Percentage 

Percentage 


1 

2 

mm 

7 37 

(7018 

2*64 

0-051 




10 80 

(7018 

283 

0 061 


w 

3 

0-31S 

8*00 

(7018 

283 

(7084 



4 

(7287 

8-71 

(7020 

2-68 

0082 


3* 

5 

0-172 

9 57 

(7020 

2*95 

0 091 



6 

0154 

7 81 

0 019 

2 65 

(7042 

142 

o 

7 

0154 

6 81 

0 019 


(7021 

■ 


8 

0 052 

S-20 

0 016 

2-43 




9 

0-047 

9 30 

(7014 

2 64 



Mean 

0153 

8 51 

0018 

2 69 


133 


1 


518 

0016 


0 046 

111 


2 


5 39 

(7017 


(7052 

1-26 

M 

3 


5 88 

(7014 


(7034 

113 


4 

ffWlrrBir 

7*58 

0 015 

270 

(7055 

1 15 

D 

d 

5 


8-20 

0-018 

2 84 

0 065 

126 

o 

u 

6 


8 40 

0 018 

3 00 


118 

o 

7 


7-87 

(7015 

2 80 

Hii i 

(799 


8 


8-70 

0 019 

2*79 


102 


9 


9 62 

(7025 

2-81 


0*95 

Mean 

(7076 

7 42 

(7017 

2 52 

(7046 

112 


1 

mm 

7-58 

(7017 

3 41 

(7066 

1*66 


2 

■BSk 

1184 

0*024 

3 56 

0 051 

199 

M 

3 

Bl#' 

12 00 

0 038 

3 54 

0*018 

182 


4 

■Bli 

14-20 

0 046 

3 60 

(7007 

184 

a 

5 

0 043 

15 40 

(7052 

3-35 

0-008 

211 

o 

6 

(7052 

14 24 

0 062 

6 40 

(7013 

178 

a 

7 

CT071 

12-44 

0-079 

6 30 

(7007 

140 


8 

0 068 

13*60 

(7072 

6 04 

(7011 

143 


9 

0*064 

13-40 

0 068 

5 62 

o-oio 

144 


Mean 

0-067 

1274 

0 051 

4 65 

0 021 

172 


1 

mm 

BTifB 

0 01S 

1 12 

(7079 

1 31 


2 

IpK* 


0 014 

2*54 

0 039 

1 35 

£ 

3 

Hi 

415 

0*013 

1 01 

0*039 

0*90 


4 



(7017 

1-01 

(7023 

(789 

3 

5 

■i|K 

4 93 

(7017 

124 

(7024 

1 08 


6 


4 55 

(7020 

115 

(7022 

0 77 

o 

7 

8 

9 


. 3-95 

(7020 

1 32 

0 026 

1 26 



5 84 

0 018 

2 37 

0*025 

1 14 



mm 

7 38 

0 015 

2-62 

(7032 

138 

Mean 

(7088 

5 25 

(7017 

160 

0 034 

1 12 
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It will be seen from Table V that m rats fed on the basal diet without 
frnthei additions (Group I), about a fifth of the intake of CaO was excreted 
m the urine, a fouith m the faeces and the rest retained m the system Most 
of the phosphates of the diet was letained m the system, the letention being 
on the average about 71 pei cent of the intake, of the 29 per cent excreted, 
most of it was tlnough the bowels while only a small fi action was excieted 
through the kidneys About 16 pei cent of the intake of MgO was excreted 
m the uime, about 20 per cent in the faeces and the balance of about 64 per 
cent ietamed m the system 

When milk was added to the basal diet, the unnaiy excietion of CaO 
aveiaged 122 mg oi only about 6 pei cent of the intake The same result, 
expressed as percentage of the uime, was found to be 0 076 as compared with 
0 153 pei cent in the uime of Group I About two-thirds of the intake of 
phosphates was retained in the system, while about 4 pei cent was excieted m 
the urine and the balance m the faeces 

When instead of milk, sodium phosphate in amounts appioximately 
equivalent to the calcium content of the diet [to foim Ca 3 (PO„) 2 ] was added 
to the basal diet, the excietion of CaO m the urine was only 4 9 per cent of 
the intake oi 0 067 when expiessed as peicentage of the uime About 52 per 
cent of the intake of CaO was excieted m the faeces, while the remaining 
44 pei cent was retained m the system There was a grcatei excretion of 
urinary phosphates m this gioup as compaied with the pievious two groups, 
the excretion being, on the aveiage, about 86 mg About 68 pei cent of the 
intake of phosphates was ietamed m the system 

When butter was added to the basal diet, the unnaiy excietion of CaO 
was, on the aveiage, 57 mg oi a little ovei 5 per cent of the intake But 
theie was as high a letention of CaO, viz, 68 7 per cent of the intake, as m 
the basal diet itself The urinai y excretion of phosphates was very little, 
being about 4 pei cent of the intake, while about 70 pei cent of the intake 
was retained m the system 

Slight changes were effected m the amount of buttei added to the diet 
Up to the end of the sixth week, the animals weie leceivmg butter at the rate 
of 20 per cent of their diet or about 4 gi amines per rat pei day (incorporated 
in 20 gi amines of food) In the middle of the seventh week, the percentage 
was reduced by one-half, viz , to 10 per cent, during the eighth week to 5 per 
cent, and dui mg the last week buttei was totally cut out fiom the diet It 
was seen that the unnaiy excietion of CaO which was as high as 112 mg m 
the seventh week, lapidly fell to 42 mg m the eighth week, and to 29 mg in 
the ninth week Synclnonous vutli this decrease m the unnaiy output of 
CaO, the animals giew r bettei dui mg the last thiee iveeks, they had better 
appetites and, consequently, theie was a greater intake of CaO tlnough the 
diet 

The retention of MgO w r as in all the foui groups much the same, ranging 
from 53 to 63 per cent of the intake 
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Post-moi tem findings — At the end of the expenment the animals weie 
killed and subjected to a complete post-moi tem examination m the Patho- 
logical Depaitment of these laboi atones Vesical calculus was found in one 
of the animals on the basal diet, the weight of the diy stones was 31 3 mg 
On analysis, they weie found to contain Moistuie 11 5, Total nitrogen 2 2, 
P„0 5 1 36, CaO 34 2, MgO ml and C0 2 Tiacc, the figuies icpiesent results 
m peicentages on moistuie-ficc stone 

Table VIII 


Showing food consumption 


Sample 

number 

Group I 

Group II 

Group III 

Group IV 

Food, 

Food, 

Milk, 

Food, 

Food, 


gs 

gs 

e c 

gs 

gs 

1 

130*7 

150-6 

1981 

183 5 

174 4 

2 

1432 

1931 

2067 

232 9 

1718 

3 

129-1 

194 0 

206 5 

253-0 

156*0 

4 

166-7 

208 6 

212 2 

269-8 

159-9 

5 

177 9 

210-7 

227*4 

278 4 

1685 

6 

173’5 

219 7 

2318 

279*8 

178 9 

7 

162-4 

217 2 

226 3 

279 9 

182-2 

8 

175 7 

246-8 

234*3 

275 3 

190-5 

9 

1862 

257 3 

230-6 

279*2 

194 2 


' Table IX 

Showing increase m body-weight, volume of urine voided and weight of faeces 

excreted 
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Table IX — concld 


Sample number 


Paiticulars 

■ 

2 

3 


5 

6 

H 

8 

9 

Gwup II 










Increase m body-weight, gs 

12*0 

39 0 

32-0 

31 0 

32 0 

22 0 

20 0 

25 0 

15-0 

Urme voided, cc 

60*0 

146 0 

166 0 

193 0 

1740 

194 0 

167 0 

176 0 

1610 

Fasces excreted (moist), gs 

FO 

10-1 

90 

10 9 

14 2 

12*1 

12-2 

15 6 

147 

Faeces excreted (dry), gs 

4 50 

7 00 

7 05 

7 68 

9 23 

9-56 

9-05 

11*65 

10-07 

Group III 

Increase m body-weight, gs 

! 

12 0 

29 0 

29 0 

i 

19-0 

32*0 

110 

20 0 

140 

3-0 

Urine voided, cc 

30*0 

89 0 

146 0 

218-0 

188-0 

214 0 

201*0 

1700 1 

124 0 

Faeces excieted (moist), gs 

9-7 

12-5 

98 

131 

10 9 

11 1 

115 

8*5 

10*2 

Faeces excreted (dry) , gs 

6 50 

7 55 

7 36 

8-25 

7 24 

7 60 

7 86 

6*10 

743 

Group IV 

Increase in body-weight, gs 


1 10 

90 

30 

50 

80 

20 

70 

o-o 

Urine voided, c c 


26 52 

68 0 

79 0 

910 

78-0 

92-0 

118 0 

74 0 

Faeces excreted (dry), gs 

88 

75 

65 

63 

50 

57 

58 

57 

49 

Faeces excreted (moist), gs 

7-35 

5-95 

5 57 

5 26 

4 07 

4 23 

4 28 

4 57 

3-83 


Table X 

Showing urvmry excretion of chlorides and nitrogen 


Sample 

Group I 

Group II 

Group III 

Group IV 

number 

Chlorides 

N 

Chlorides 

N 

Chlorides 

N 

Chlorides 

N 


gs 

gs 

gs 

gs 

gs 

gs 

gs 1 

gs 

1 

011 

0 06 

0 39 

030 

0 55 

032 

0*37 

0 26 

2 

024 

020 

104 

0 78 

156 

0 77 

051 

027 

3 

0-65 

029 

085 

0 73 

171 

0 78 

046 

024 

4 

0-60 

0 48 

137 

0 91 

2 27 

1 06 

046 

031 

5 

064 

0 53 

148 

1 00 

2*20 

1 00 

045 

037 

6 

085 

051 

164 

1 08 

283 

0 77 

056 

0 34 

7 

081 

04S 

1 74 

1 07 

2 41 

0 9S 

078 


8 

0 62 

042 

160 

091 

1 77 

066 

084 


9 

063 

047 

1*26 

103 

145 

0 79 

0 68 

041 
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Series III. 

The nnneial metabolism m this senes was restricted to the following six 
diets — 

Group I received the basal diet plus sodium phosphate in amounts 
equivalent to the calcium content of the diet to foim Ca 3 (P0 4 ) 2 , 

Gioup II leceived the basal diet plus sodium phosphate as in Gioup I 
plus uamm A concentiate [vitamin A oil, special (150 Blue) , without added 
vitamin ‘D,’ British Diug Houses, Ltd ] m the piopoition of one drop per rat 
pei day, 

Gioup III leceived the basal diet plus vitamin A concentiate as m 
Group II, 

Gioup IV leceived the basal diet plus sodium phosphate as m Group I 
plus ladiostoleum (300 Blue, B D IT ) in the piopoition of one drop pei rat 
per day, 

Group V received the basal diet plus ladiostoleum as m Gioup IV, 

Gioup VI leceived the basal diet plus sodium phosphate as m Group I 
plus cod-hvei to the extent of 2 pei cent of the diet 

A lelatively high urinai y excietion of calcium and a low unnary excretion 
of phosphates having been obseived m Gioup III (receiving the basal diet 
plus ladiostoleum) of the fiist senes of expenments, it was thought that this 
might have been due to the insufficient provision of fat-soluble vitamins 
Hence m the present series, the amount of vitamin prepai ations, either as 
vitamin A concentiate or as ladiostoleum, was mci eased nearly sixteen-fold 
With a view to finding out the influence, if any, of vitamin D on this mineral 
metabolic study, diets containing vitamin A alone, and others containing both 
vitamins A and D were used A diet with cod-livei oil (Gioup VI) was 
ir eluded to evaluate the efficiency of the propnetaiy vitamin pi epar ations of 
the B D H m teims of cod-livei oil 

It may be mentioned here that the appetite of the animals receiving 
sodium phosphate m their diets, viz , those m Gioups I, II, IV and VI was 
so great that the 20 grammes of food usually given was not sufficient There- 
foie, the amount of food given was increased to 25 grammes pei lat, but still 
containing only the 5 giams of lime and 5 diops of the iodine solution 

As bet oi e, weekly analyses of the mines and the fseces were made to find 
out the respective excietions of GaO, MgO and P 2 O b These observations were 
extended to six weeks The diets, too, were analysed for their CaO, MgO 
and P 2 0 5 contents The lesults obtained, expressed m milligrams as total 
excieted, are set out m Table XI A, B and C and the same, calculated as 
percentages of either the urines oi the faeces, are set out m Table XII The 
results for the faeces are leported on moistuie-fiee samples 

It is seen fiom Tables XI and XII that on a basal diet plus sodium 
phosphate there was an excietion of about 6 1 per cent of CaO through the 
kidneys and about 61 per cent thiough the bowels, leaving 32 6 per cent of 
the intake to be retained m the system About 5 9 per cent of the intake 
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Reseal ches on ‘ Stone ’ 


Table XI -A 





CALCIUM (AS CaO) 


Group and 
diet 

Sample 

number 

Intake 


OuTruT 


BALANCE On RETENTION 



mg 

Urine 

mg 

Faces 

mg 

Total 

mg 

Mg 

Percentage 
of intake 

I 

1 

2,150 

71 

1,288 

1,359 

791 

36 8 


2 

2,295 

100 

1,376 

1,476 

819 

35 6 

Basal diet plus 

3 

2,300 

99 

1,458 

1,557 

743 

32 3 

sodium phos- 

4 

2,340 

1S2 

1,480 

1,662 

678 

2S-9 

phate 

5 

2,3G0 

179 

1,550 

1,729 

631 

26 8 


6 

2,355 

213 

1,320 

1,533 

822 

34 9 


Mean 

2,300 

141 

1,412 

1,553 

747 

32*6 

II 

1 

2,2G5 

64 


1,494 

771 

34 0 


2 

2 420 


1,500 

1,620 

800 

33-1 

Basal diet plus 

3 

2,455 

98 


1,532 

923 

37 5 

sodium plios- 

4 

2,510 

244 

iffil 

1,558 

952 

38 0 

phate plus vita- 

5 

2,500 


IB1 

1,801 

699 

27 9 

mm A concen- 
tiate 

G 

2 535 

1G5 

H 

1,693 

842 

33-4 


Mean 

2,448 

15b 

1,457 

1,616 

831 

34 0 

III 

1 

1,022 

67 

470 

537 

485 

47 5 


2 


92 

455 

547 

533 

49*4 

Basal diet plus 

3 

mwm 

253 

619 

872 

142 


vitamin A con- 

4 

1,146 

392 

673 


81 

7T 

centiate 

5 


354 

597 

951 

59 

59 


6 

1,174 

230 

373 

603 

571 

49" 0 

\ 


Mean 

1,074 

231 

531 

763 

312 

28*8 

IV 

1 

2,230 

63 

1,238 


929 

416 


2 

2,290 

73 

1.244 

1,317 

973 

42 7 

Basal diet, plus 

3 

2,220 

105 

BETUiS 

1,495 

725 

327 

sodium phos- 

4 

2,325 

233 

■Kviil 

1,753 

572 

24 6 

phate plus 

5 

2,355 

140 

1.258 

1,398 

957 

4(75 

radiostoleum 

G 

2 410 

305 


1,765 

645 

268 


Mean 

2,305 

153 

1,352 

1,505 

800 

34 8 
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Group and 
diet 

Sample 

numbei 



CALCIUM AS 

(CaO) 


Intake 

mg 

Output 

Balance or retention 

Urine 

mg 

Faces 

mg 

Total 

mg 

Mg 

Percentage 

mg 

V 

1 

1,220 

138 

387 

525 

695 

57 0 


2 

1,160 

22 

335 

357 

803 

69 3 

Basal diet plus 

3 

1,142 

141 

503 

644 

498 

43 5 

radiostoleum 

4 

1 140 

221 

531 

752 

388 

34 0 


5 

1,054 

156 

557 

713 

341 

32 5 


6 

1,098 

142 

445 

587 

511 

46 7 


, 

Mean 

1,136 

137 

460 

! 

i 

596 

539 

47 2 

VI 

1 

2,228 

30 

1,318 

1,348 

880 

39*5 


2 

2,430 

18 

1,352 

1,370 

1,060 

43 5 

Basal diet plus 

3 

2,400 

50 

1,440 

1,490 

910 

38 0 

sodium plios- 

4 

2,400 

86 

1,546 

1,632 

768 

31 9 

phate plus cod- 

5 

2,470 

30 

1,540 

1,570 

900 

36-5 

liver oil 

6 

2,420 

89 

1,364 

1,453 

967 

39 9 


Mean 

2,391 

51 

1,427 

1,477 

914 

38-2 


Table XI -B 


PHOSPHATES (P.O#) 


Sample 

number 


1 

2 

3 

4 

5 

6 


Mean 


Intake 

mg 

Output 

Balance or retention 

Urine 

mg 

Faces 

mg 

Total 

mg 

Mg 

Percentage 
of intake 

1,500 

73 

540 

613 

887 

- 59 0 

1,600 

85 

529 

614 

986 

61 7 

1,608 

81 

773 

854 

754 

47 0 

1,630 

95 

750 

845 

785 

482 

1,644 

98 

848 

946 

698 

42 4 

1,642 

132 

689 

821 

821 

50 0 

1,604 

94 

688 

782 

822 

514 


CaO 

letamed/ 

P 2 0 s 

retained 


0 90 
0 S3 
0-99 
0-87 
0 91 
1*00 


0-92 


J, MR 


3 
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Table XI-B — concld 


Sample 

number 



PHOSPHATES 

(P 0.) 


CaO 

retained/ 

P,0 5 

retained 


Output 

Balance or 

RETENTION 

Intake 

mg 

H 

Faeces 

mg 

Total 

mg 

Mg 

Percentage 
of intake 


1 

1.578 

96 

584 

680 

898 

56 9 


hH 

hM 

2 


141 

526 

667 

1,033 

60 7 


p. 

3 

1,716 

146 

684 

830 

886 

51 S 


n 

o 

4 

1.746 

132 

720 

852 

894 

512 


u 

r K i 

5 


142 

827 

969 

771 

44 5 



G 

1,762 

179 

912 

1,091 

671 

’ 38-2 

1*25 

Mean 

1,707 

139 

709 

848 

859 

50-6 

0 99 


1 


18 

178 

196 

56 

22 2 

8-68 

HH 

2 

2G6 

22 

166 

188 

78 

29 3 

6 87 

HH 

3 


32 

253 

285 

—35 



& 

4 

282 

36 

224 

260 

22 

78 

3 68 

o 

5 

249 

33 

286 

319 

—70 



o 

G 

289 

41 

148 

189 

100 

34 7 

5 71 


Mean 

265 

30 

209 

239 

25 

9-4 



1 

1,558 

124 

458 

582 

976 

62 6 

0 95 

tS; 

2 

1,598 

137 

467 

604 

994 

62-3 

:: A. !>¥!:■»! 


3 

1,546 

151 

666 

817 

729 

47 2 



4 

1,620 

128 

788 

916 

704 

43 6 


O 

5 

1,640 

148 

723 

871 

769 

46"8 

124 

6 

6 

1,678 

215 

749 

964 

714 

42 6 



Mean 

1,607 

151 

642 

792 

814 

50 9 

(798 


1 

302 

17 

130 

147 

155 

513 

4 48 

> 

2 

286 

13 

121 

134 

152 

531 

5 30 

P 

3 

282 

14 

54 

68 

214 

75 7 

2 34 

P 

4 

281 

13 

176 

189 

92 

32 8 

4 22 

*- 

5 


17 

274 

291 

—31 




G 

272 

24 

178 

202 

70 

25-8 

7 30 

Mean 

281 

16 

156 

172 

109 

38-8 



1 

1,550 

41 

516 

557 

993 

64 3 


H-i 

2 

1,694 

63 

552 

615 

1,079 

63*8 


P 

3 

1,676 

58 

727 

785 

891 

53-2 

102 

c 

4 

1,676 

38 

902 

940 

736 

43 9 


c 

5 


51 

879 

930 

790 

45 9 

114 

c 

6 

1,6S0 

136 

812 

948 

732 

43*6 

132 

Mean 

1,666 

65 

731 

796 

870 

52-4 

107 
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MAGNESIA (MgO) 



Sample 



Output 


Balance on retention 


number 

Intake 















mg 

Unne 

Eaeces 

Total 

Mg 

Percentage 




mg 

mg 

mg 

of intake 


1 

262 

23 

148 

171 

91 

34 8 

w 

2 

280 

29 

174 

203 

77 

27 5 

ft 

3 

281 

23 

138 

161 

120 

42-8 

p 

o 

4 

284 

50 

170 

220 

64 

22 5 

u 

O 

5 

287 

47 

160 

207 

80 

27*9 

6 

287 

48 

147 

1 

' i 

195 

92 

32 0 

Mean. 

280 

37 

156 

193 

87 

313 


1 

275 

9 

162 

171 

104 

37 9 

M 

2 

296 

20 

183 

203 

93 

314 

d. 

3 

298 

18 

154 

172 

126 

42*4 

P 

O 

4 

305 

35 

158 

193 

112 

36 7 

O 

5 

304 

36 

180 

216 

88 

29*0 


6 

308 

22 

182 

204 

104 

33 8 


Mean 

298 

23 

170 

193 

105 

35 2 

a 

1 

116 

18 

62 

80 

36 

I si n 

M 


123 

26 

65 

91 

32 


a 

3 

115 

42 

79 

121 

— 6 

P 

O 

4 

130 

52 

85 

137 

— 7 


U 

a 

5 

115 

58 

64 

122 

— 7 


6 

133 

50 

59 

109 

24 

18*0 


Mean 

122 

41 

_ 

69 

110 

12 

98 

I Group IV 

1 

2 

3 

4 

5 

G 

272 

279 

270 

283 

286 

293 

31 

15 

25 

31 

28 

29 

| 

139 

153 

135 

174 

135 

174 

170 

168 

160 

205 

163 

203 

102 

111 

110 

78 

123 

90 

375 

39*8 

40 8 

27 7 

43 0 

30‘8 

Mean 

281 

27 

152 



17 8 

102 

36 6 
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Table XI-C — concld 


MAGNESIA (MgO) 


Sample 

number 

Intake 

mg 

Output 

Balance or 

RETENTION 

(June 

mg 

Faeces 

mg 

Total 

mg 

Mg 

Percentage 
of intake 


1 

139 

11 

46 

57 


59-0 

>• 

2 

132 

8 

45 

53 


60 0 

& 

3 

130 

14 

152 

166 



o 

4 

122 

19 

64 

83 



O 

5 

120 

17 

54 





6 

125 

25 

57 



34 5 

Mean 

128 

16 

70 

85 

43 

33 6 


1 

270 

12 

126 

138 


49 0 

f> 

2 

295 

12 

164 

176 


40-3 


3 

293 

16 

135 

151 

SsBckflll; 

48 5 

S 

4 


28 

186 

214 


27 0 

o 

*-< 

5 

300 

32 

159 

191 


36-3 

o 

6 

293 

23 

161 

184 

mm 

37 2 

Mean 

291 

205 

155 

176 

115 

397 


Table XII 



Sample 

number 

Output of CaO in 

Output of PjOc in 

Output of MgO in 

S 

o 

t-. 

o 

Unne 

Faices 

Urine 

Faeces 

Unne 

Faeces 


Pei centage 

Percentage 

Percentage 


1 

ff046 

13 90 

0 048 

5 82 

(7015 

159 


2 

0 058 

13-20 

0 049 

5 08 

0-017 

166 

hH 

3 

0-045 

13 66 

tHI** mPt 

7 26 


1-30 


4 

0-072 

14 32 


719 


164 


5 

0 064 

15 40 


8 40 

0 017 

159 


6 

0-062 

14 58 

■ 

7 50 

0-015 

162 

Mean 

0-058 

1418 

0-042 

6 89 

0 016 

157 


1 


14*18 

0 059 

5 79 


■T9 


2 

0 078 

13 32 

OTOl 

4 65 



►— I 
i — ( 

3 

0-042 

14 58 

0-063 

6 96 




4 

0-126 

12 64 

0-068 

6 97 




5 

0720 

14 90 

0 065 

8 50 




6 

0 080 

14 36 

0-087 

8 57 


mm 

Mean 

0*081 

14 00 

0-072 

0 91 

0*012 

162 
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Output of CaO in 

Output of P 2 0„ in 

Output of MgO in 









3 

o 

Sample 







u 

o 

number 

Urine 

Faces 

Urme 

Pieces 

Urine 

Faces 



Peicentage 

Percentage 

Percentage 


1 

0-072 

12 60 

0 019 

4 78 

0019 

166 


2 

0 068 

1100 

0 016 


0 019 

158 

KM 

KM 

3 

0-136 

12 80 

0 017 

4 84 

0*023 

1*52 


4 

0-188 

13 10 

0 017 

4 35 

0 025 

166 


5 

0180 

12 92 

0 017 

6 20 

0 029 

139 


6 

0*101 

9*44 

0-018 

375 

0 022 

150 

Mean 

0124 

1198 


4 65 

0 023 

155 


1 


14 94 

0 063 

5 52 

0-016 

■H 


. 2 

Mv V 

13 36 

0-067 




£ 

3 

■ 


0-063 


o-on 



4 

afeffifi Sll 

1454 

0 059 

7 51 

0-014 



5 



0-056 


0 011 



6 

0135 


0 095 

7 53 

0-013 

mm 

Mean 

0 068 

14 27 

0*067 

6 73 

0 012 

160 


1 

0*254 

12-80 

0 032 

4 30 

(7021 

1 50 


2 

0-055 

12 04 

0-031 

4 34 

0 020 

1 60 


3 

0-282 

13*58 

0-028 

410 

(7029 

1 44 


4 

0-335 

12 20 

0 021 

4 05 

0-029 

1 47 


5 

0-222 

13 54 

0*024 

6 65 

0 024 

1 32 

__ 

6 

0161 

10-66 

0 027 

479 

0 028 

138 


Mean 

0*218 

12 47 

0 027 

4 62 

0 025 

145 

kh 

> 

1 

2 

3 

4 

5 

6 

0-025 

0*015 

0 037 
0-061 
0-019 

0 059 

14*12 

13 26 

14 02 

13 50 

15 34 

13 82 

0 034 

0 054 

0 043 
0-027 

0 032 

0 091 

5 53 

5 32 

710 

7 88 

8 70 

S"24 

0 010 

0 010 

0 012 

0 020 

0 020 
0-015 

13G 

161 

132 

162 

15S 

1 63 

Mean 

0 036 

1101 

0 047 

713 

0-015 

152 


°f phosphates 
^hile about 51 


was exeieted m the urine and about 45 pei cent m +i 10 f 
PK “ nt "' aS retoMd "> «» As regai ds M g o' afper 
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cent of the intake was letamed and the balance was excreted to the extent of 
about 13 and 56 per cent m the unne and the feces respectively 

When vitamin A concentiate was added to the basal diet plus sodium 
phosphate, the unnary excietion of CaO was not much affected and was on 
the aveiage about 6 5 per cent of the intake The excretion thiough the fseces 
and the percentage retention lemamed much the same as in Gioup I, viz , at 
about 60 and 34 pei cent of the intake lespectively The excretions of 
phosphates also were much the same as m Gioup I, resulting m 51 pei cent of 
the intake being retained Piactically the same observations as m Group I 
weie noticed for the excretion of MgO 

A diet same as that of Gioup II but having no sodium phosphate added 
to it gave results differing much fiom the pievious two gioups The unnary 
excretion of CaO was as high as 21 5 pei cent of the intake, while the fecal 
excietion was about 49 5 pei cent, the balance of about 29 pei cent was 
retained m the system Over 90 pei cent of the phosphate taken m was 
excreted m the unne and the faeces, leaving a small maigm of about 9 4 per 
cent to be retained in the system The excietion of phosphates was at times 
so gieat as to occasion even a negative balance Likewise in the excretion of 
MgO, there was often a negative balance, but the aveiage total excretion 'for 
the entne period was 90 pei cent of the intake, thus leaving a balance of about 

10 pei cent for letention 

The excietions and the letention of CaO by rats fed on a basal diet con- 
taining sodium phosphate m addition to both vitamins A and D weie not veiy 
diffeient fiom those of Groups I and II, the aveiage excretions being 6 6 per 
cent of the intake in the mine, 59 pei cent m the feces and the balance, nearly 
35 per cent, retained m the system The phosphate excretions and retention, 
too, were much the same as in Gioups I and II, the figures being 9 4 per cent 
of the intake through the kidneys, 40 pei cent through the bowels and the 
balance^ about 51 pei cent retained Almost similai results as m Gioups I 
and II weie obseived with MgO too, lesultmg in a retention of 36 6 per cent 
of the intake 

The excretion of CaO, MgO and P 2 O c by rats in Gioup V, whose diet was 
the same as that of Gioup IY but without the sodium phosphate, was very 
different to those of Groups I, II and IV Thus 12 1 per cent of the intake 
of CaO was excreted m the mine, about 41 per cent m the feces while about 
47 per cent letamed m the system There was very little excietion of phos- 
phates m the urine, while about 39 pei cent of the intake was retained m the 
system A negative balance of phosphates was once obseived Similarly in 
MgO too, theie was a retention about 34 per cent of the intake, negative 
balance occuired once 

Lastly, m lats fed on the basal diet plus sodium phosphate plits cod-liver 

011 (Group YI), the unnaiy excietion of CaO was veiy little, amounting only 
to 2 1 per cent of the intake, about 60 per cent was excreted m the feces 
The percentage retention of CaO was 38 2, a result approximating that m 
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Groups I, II and IV The figuies for the excretion and retention of P^0 B 
agreed closely vith those foi Gioups I, II and IV, the retention of P.O B being 
52 4 per cent of the intake The results foi MgO too weic much the same 
as m Groups I, II and IV, the retention being 39 7 per cent of the intake 
The above lesults expressed as percentages of eitliei the mine oi the 
fseces bung out much moie significantly the differences between the Gioups I, 
II, IV and VI on the one hand, and Groups III and V on the othci A study 
of Table XII will show that the aveiage percentage excietions of the CaO m 
the urines of Groups I, II, IV and VI were 0 058, 0 081, 0 068 and 0 036 res- 
pectively with a mean of 0 061 pei cent, while the values foi Groups III and 
V were 0 124 and 0 218 respectively with a mean of 0 171 pei cent, which is 
nearly three times as much m animals receiving sodium phosphate nr then 
diets Though the latter two groups of animals got a sufficiency of vitamins, 
chiefly as vitamin A, the fact that then urines contained laige amounts of 
calcium may lendei them liable to stone-foi matron The percentages of fmcal 
CaO did not diffei so much, the figuies foi Gioups I, II, IV and VI being 
about 14 pei cent on the aveiage, while those foi Gioups III and V being in 
the neighbourhood of 12 pei cent Conveisely, the peiccntagc uiinaiy cxcie- 
tion of phosphates m Groups I, II, IV and VI weic 0 042, 0 072, 0 067 and 
0 047 respectively with a mean of 0 057 per cent, the conespondmg values for 
Groups III and V being 0 017 and 0 027 with a mean of 0 022 pei cent, which 
is approximately a thud of that of the animals receiving sodium phosphate 
Thus there seems to be an inverse relation between the uiinaiy calcium and 
phosphates This mveise relationship was not only obseived m this senes, but 
also m the pievious two senes of expemnents A similar obscivation was 
noticed by Meigs et al (1919) m their experiments on the ‘ Physiology of 
phosphoius and calcium metabolism of daily cows ’ Again, the percentage of > 
P 2 O b m the farces of Groups I, II, IV and VI was on an aveiage about 7 pei 
cent, while that of Gioups III and V was only about 4 6 pei cent Lastly, 
the average percentage of MgO excretion m the urines of Groups I, II, IV and 
VI uas 0 014 while the coirespondmg value for Groups III and V was 0 024 
The MgO content of the faeces m all the six groups was much the same, varying 
from 1 5 to 1 6 per cent 

The body-weights of the animals are given m Chart 6 Tables XIII 
XIV and XV give the food consumption of the animals m the different groups, 
the v eekly increase m body-weights, volume of mine voided and weight of 
feces excreted , and the total excretion of chlorides and nitrogen m the urines 


General considerations 

It is stated that calcium is excieted both by the kidney and the large 

f CatCr PaH> by the latter 10ute (Cushn X 1918, Husband et al 
IMS) it i= al-o ‘dated that diets rich m calcium came only a slight increase in 
the urmar, excretion of calcium (Telfer et al , vide infra) , but as will be at once 
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appai ent from the results of the present investigation, these statements require 
qualification. Under normal conditions, practically all the calcium of the diet, 


CHART 5 " CHART ‘6. 



Showing food consumption 


Sample 

number 

Group I 

Group II 

Group III 

Group IV 

Group V 

i 

Group VI 

Food 

gs 

Food 

gs 

Food 

gs 

Food 

gs 

i 

Food 

gs 

Food 

gs 

1 

294 3 

309-5 

159-7 

304 8 

lSO'l 

304 5 

2 

314 4 

333 1 

159-1 

313-9 

1716 

3317 

3 

314 8 

335 3 

149-4 

303 2 

168-6 

329-2 

4 

319 1 

343 0 

169 2 

317 4 

168-2 

328-6 

5 

322" 6 

340-7 

149-3 

3212 

155 8 

337 0 

6 

3215 

345 2 

172-S 

328-5 

162-1 

330-0 
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Table XIV 

Showing increase m body-weight, volume of urine voided and weight of faeces 

excreted 


A 

Particulars 

Sample number 

O 







o 


I 

2 

3 

4 

5 

6 


Increase m body-weight, gs 

18 0 

13 0 

12 0 

13*0 

40 

9*0 


Urine voided, c c 

154 0 

174 0 

22CT0 

254 0 

282 0 

318 0 

i 

Faeces excreted (moist), gs 

115 

13*1 

14 0 

13*6 

13 3 

112 


Faeces excreted (dry), gs 

9 28 

10 42 

10*65 

10 36 

10*05 

9 07 


Increase in body-weight, gs 

13 0 

25 0 

17 0 

110 

50 

3*0 


Urine voided, c c 

162 0 

155 0 

232 0 

194 0 

220 0 

206 0 

ii 

Faeces excreted (moist), gs 

18 4 

18 3 

16 0 

15 5 

17 2 

21 0 


Faeces excreted (dry), gs 

10*12 

1128 

9*84 

10 37 

10 33 

10 67 


Increase m body-weight, gs 

00 

30 

10 





Urine voided, c c 

94 0 

136 0 

186 0 

208 0 

196 0 

228*0 

111 

Faeces excreted (moist), gs 

61 

55 

76 

65 

61 

5 5 

\ 

Faeces excreted (dry), gs 

3 73 

415 

1 

5 22 

515 

4 62 

3 95 


Increase m body-weight, gs 

27 0 

24 0 

60 


HI 

11*0 

TV 

Urine voided, c c 

198 0 

205 0 

240*0 


mmm 

226 0 

IV 

Faeces excreted (moist), gs 

115 

12 2 

13*5 

I 

13*0 

15 2 


Faeces excreted (dry), gs 

8*30 

9*33 

9 63 

10 45 

9*18 

9 93 

« 


Increase m body-weight, gs 

2*0 

10 

0*0 

—2*0 

—50 

+8*0 

V 

Urine voided, c c 

54 0 

40*0 

50*0 

50*0 

60*0 

740 


Faeces excreted (moist), gs 

47 

3*3 

48 

51 

46 

54 


Faeces excreted (dry), gs 

3*03 

2 78 

3 72 

4 36 

412 

4*16 


Increase m body-weight, gs 

20 0 

21 0 

13 0 

70 

50 

13 0 

VT 

Urine voided, c c 

1210 

117 0 

136 0 

142 0 

160*0 

150*0 


Faeces excreted (moist), gs 

13*9 

15*8 

17 6 

18 5 

17 3 

171 


Faeces excreted (dry), gs 

9 32 

10*19 

10*22 

11*46 

1(706 

9*87 


excepting that actually utilized m the system, is excreted m the bowels But 
in rats fed on diets deficient m fat-soluble vitamins and containing an excess 

of calcium, a considerable amount of calcium is excieted thiough the kidneys 

an amount several times gieatei than that excieted by noimally fed animals 
Though the amounts excieted may not mtunsically be very great, yet in the 
light of the solubilities of salts like calcium hydroxide, phosphate, carbonate 
etc , the significance of the values of urinary calcium becomes at once apparent' 
it is one of the positive factois predisposing the animals to stone-formation 
Deficiency of vitamin A is generally held to be one of the chief causes 
of stone-formation Provision of an adequate amount of this vitamin does 
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Table XV 


Showing urinary excietion of chlorides and nitrogen 


Sample number 

Group I 

Group II 

Group III 

Group IV 

Group V 

Group VI 

*3 Chlorides 

g 

2° 

A 

gs 

3 Chlorides 

3 Nitrogen 

3 Chlorides 

3 Nitrogen 

0? 

<D 

o 

2 

O 

gs 

3 Nitrogen 

3 Chlorides 

g 

b o° 

A 

gs 

SO 

Q 

2 

c 

JD 

2 

O 

gs 

noSoapjsj g. 

1 

2-38 

134 

2*17 

1*26 

0 62 

0-31 

2 61 

120 

(787 

0-44 

2 52 

1 13 

2 

2 30 

1 14 

2 54 

129 

0-80 

0 43 

2-22 

103 

0 67 

0*35 

2 44 

113 

3 

2*50 

1 18 

2-77 

134 

0-99 

0 54 

2 28 

1 16 

(784 


2-23 

1 09 

4 

2’ 34 

no 

2-55 

116 

1 18 

0 82 

2-35 

1 17 

(769 

(755 

2-27 

1 12 

5 

2-53 

136 

2 77 

122 

1 16 

0-53 

2*45 

1*21 

0 68 

0 74 

2*95 

114 

6 

2*64 

136 

2 72 

124 

121 

0 68 

2-85 

1 10 


0 53 

2 68 

125 


prevent stone-formation m rats fed on ceitam diets, but the results of the 
present investigation, wherein diets of such high stone-producing potency were 
used, indicate that mineral imbalance is a factor of even gi eater importance 
in the production of calcium carbonate or calcium hydroxide stones It has 
been found in this investigation that the addition of fat-soluble vitamins to 
the diet, eitliei as vitamin A alone or in association with vitamin D, did not 
materially alter the composition of the urine, in fact, the urinary excretion 
of calcium was much the same as when vitamins A 01 A and D were lacking 
Yet the crucial point is whether such a state of affairs conduces to stone- 
formation in the unnaiy tiact Fiom the values obtained of the urinary 
excretions of calcium on diets deficient m fat-soluble vitamins as also on diets 
containing them m sufficient amounts, the conclusion is irresistible that stone- 
foimation is very likely Nevertheless, not a single case of urinary calculi 
has so fai been encountered in rats fed on diets adequate in vitamin A There 
was the instance of a rat No 3210, a male, getting the basal diet plus 
vitamin A concentiate (B D H ) actually passing gravel m its urine The 
discrete paiticles of gravel were found to be mostly of calcium hydroxide 
Though most of the factors conducive to stone-foimation were present m this 
case, yet, consequent on the presence of vitamin A in the diet, foimed' stones 
were not deposited m it Hence as the particles of the calcium hydroxide 
formed, they vere passed in the mine 

Again, these animals though leceivmg adequate amounts of vitamin A 
alvajs run the risk of developing stones m their urinary tract during any 
inadvertent cessation of this vitamin The results of the present investigation 
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suggest that this nsk can be completely avoided or at least minimized to 
a great extent, by balancing the diet as legards its CaO and P 2 0,; contents 
The balancing of the CaO and P 2 0 5 contents of the diets is able to achieve 
much moie than what adequate amounts of fat-soluble vitamins can achieve 
The tiue significance of this statement is bettei undei stood when the growth 
of the animals is taken into considei ation {vide infra) The effect of the 
slaked lime m lendenng the animals liable to stone-formation can be counter- 
acted by adding to the diets a phosphate in amounts equivalent to the calcium 
content of the diet to foim the insoluble compound, calcium phosphate The 
lesults of the piesent investigation show that not only stone-formation could 
be prevented by adding a phosphate to the basal diet but also that good 
growth was obtained approximating that obtained on the 1 stock ’ diet of these 
laboratories But by fai the best approximation to the ‘stock’ diet was 
obtained when the basal diet contained, m addition to the phosphate, adequate 
amounts of the fat-soluble vitamins It seems, theiefoie, highly necessary 
that a diet, if it is not to favoui stone-formation of the calcium carbonate or 
calcium hydroxide variety should be well-balanced with respect to its mineral 
constituents, chiefly its calcium and phosphate, contents It also emerges from 
the foregoing experiments that the basal diet when so balanced with regards 
to its CaO and P 2 O r> contents, even though it remains deficient m fat-soluble 
vitamins is infinitely supenor to the basal diet, ill-balanced as it is with 
lespect to CaO and P 2 0 5 but containing an adequate supply of the fat-soluble 
vitamins As obseived before, this diffei ence m behavioui is better understood 
when the giowth of the animals on the respective diets is considered 


Relation of calcium retention to phosphate retention. 

Theoretically, on a nonnal diet, the ratio of letentions of CaO to P,0 5 
should be fairly constant Supposing all the calcium were to be retained in 
the system as its phosphate, then the ratio, CaO retamed/P 2 O e retained = 
168/142 = 1 18 It should not be undei stood that this value is absolute, for 
all the calcium need not necessarily be retained as its phosphate alone It has 
been found that the piopoition of carbonate in normal rat bone increases with 
age (Kiamer et al, 1928) Hence the ratio is bound to vaiy a little from the 
theoi etical A study of Tables I, VI and XI shows wide variations of the 
value, CaO ietamed/P 2 0 B letamed, with vai nations m the diet 

Thus with animals on the stock diet, the value was on the average 1 96 
a figuie rathei too high fiom the theoretical But when slaked lime was added 
to the above diet, the value was mci eased considerably, chiefly because of the 
greater elimination of phosphates With the basal diet, the value averaged 
ovei 3 With ladiostoleum added to the basal diet, the average for the ratio 

was 2 54 > whlch was iaised t0 4 17 with the addition of milk Without radio 
stoleum but with sesame oil added to the basal diet (Series I, Group IV) th P 
average for the ratio was 3 05, while during the post-milk period on the same 
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diet, the value was higher still, and there was even a negative balance of 
phosphates m one week 

In the second series of experiments, the aveiage values for the ratio were 
3 28 on the basal diet, and 2 37 on the basal diet to which milk was added 
When sodium phosphate was added to the basal diet, the value was on the 
average only 0 92 , but the basal diet plus butter gave as high a value as 3 38, 
a figure approximating closely that m the basal diet itself 

In the third senes of experiments, the basal diet plus sodium phosphate 
gave a value of 0 92 for the ratio, basal diet plus sodium phosphate plus 
vitamin A concentrate 0 99, but basal diet plus vitamin A concentiate alone 
gave a much higher value, often leading to negative balance of phosphates 
Basal diet plus sodium phosphate plus radiostoleum gave a value for the ratio 

0 98, the same without the sodium phosphate (Gioup V) gave a far higher 
value, resulting m two out of 6 weeks in negative balance of phosphates 
Finally, the basal diet plus sodium phosphate plus cod-hvei oil gave a value 

1 07, a result veiy close to the theoretical 

It is thus seen that out of thnteen different diets employed m the present 
metabolic studies, seven gave values appi oximatmg closely to the theoietical, 
while the remaining six gave far highei values langmg from over 3 to as much 
as nearly 40 It so happened that the animals on the former seven diets 
grew well, had good appetite and weie free fiom disease, while those on the 
lattei six diets suffered fiom loss of weight or did not grow at all, and 
ultimately died It is also to be noted that the foimei seven diets on which 
good growth was obtained weie those that weie well-balanced with respect to 
their calcium and phosphate contents, wheieas the lattei six diets on which 
positively harmful and growth-inhibiting effects weie observed were imbalanced 
as regards their calcium and phosphate contents It is theiefore obvious that 
a diet imbalanced with lespect to its mineral constituents, although containing 
a sufficiency of the essential vitamins, is more haimful than a diet deficient m 
fat-soluble vitamins, but peifectly balanced as to its mmeial constituents 
Further, it emerges from the lesults of these expenments that comparatively 
little fat-soluble vitamins is needed to maintain good growth, if the diet is 
peifectly balanced with respect to its mineral constituents 

Compensating effect of vitamin D on mineral imbalance 

Plimmer (1929) has stated that vitamin D possesses a compensating effect 
on the imbalance between the supplj of calcium and phosphates The foie- 
going metabolic experiments do not support tlm statement, for, if it were 
true, there ought to have been good growth m Gioup Y, Senes III, where the 
animals received adequate amounts of vitamin D On the other hand, when 
the calcium and phosphate contents of the diet were veil-balanced, good 
growth vas obtained even w hen no extra vitamin D was added to it The 
above results conclusively proie that vitamin A alone or in association with 
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vitamin D exercised no compensating effect on the imbalance between the 
supply of calcium and phosphates 

Influence of calcium on the elimination of magnesium. 

Cuslmy (1918) obseives that 'the administration of calcium mci eases the 
elimination of magnesium m the urine ’ But Givens (1918) did not find a 
greatei excretion of magnesium in the urme on ingestion of greater amounts 
of calcium The results obtained m the preceding experiments do not support 
Cushny’s obseivation but confiims that of Givens 


Influence of fat on calcium retention. 

Consideiable diffeience of opinion exists as to the influence of fat on 
calcium retention, Stewait and Percival (1928) obseive that it has often 
been stated that the absoiption of calcium is gieatly aided by the addition of 
fat to the diet, and equally often it has been denied that fat has any such 
effect’ Mallon et al (1930) find that fat per se does not exercise a definite 
influence upon the calcium letention In the present metabolic experiments 
detailed above, it was found that the calcium retention in animals receiving 
butter m as much as twenty pei cent of their diet (Senes II, Gioup IV) was 
not any greater than m those not leceiving buttei In the same animals 
receiving butter, the amount of calcium retained was not appreciably different 
when the percentage of butter in the diet was gradually i educed fiom 20 to 
10, 5 and finally 0, if at all, it was slightly raoie with reduced amounts of 
butter m the diet 


Summary. 

(1) The metabolism of calcium, magnesium and phosphate was studied 
in albino rats fed on thirteen diffeient diets Of these one was the ‘stock’ 
diet in use m these laboratories, but modified m certain legards The remain- 
ing twelve were composed of white bread and yeast to which ceitam additions 
milk, lime, butter, sesame oil, phosphates, vitamin A concentrate, radio- 
stoleum, cod-hvei oil and combinations of these — were made These diets 
included some that weie deficient and some that were not deficient m fat- 
soluble vitamins, also some that were ill-balanced with respect to calcium 

and phosphates and some m which these mineral constituents were well- 
balanced 


(2) Veiy little calcium was excreted through the urinary tract of young 
rats in growing period fed on the -stock' diet Addition of excess of 

calcium t0 ‘ St ° Ck ’ dKt d ' d DOt the <™ry excretion oi 

kJyl 2^ on °t CalC,Ura thr ° U6h thB 

nch in calcium Won ofaC“ ^ 
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decrease the urinary output of calcium In normally fed animals, most of 
the calcium ingested was, apart fiom what was utilized in the system, excreted 
by way of the bowels, while m the deficiently-fed animals, a good peicentage 
of the intake was excieted through the mine 

(4) Theie was a fai greatei excietion of phosphates m the uime of rats 
on the well-balanced ‘ stock ’ diet than in that of those fed on the deficient 
diets But excess of calcium m the ‘stock’ diet deci eased the phosphate- 
content of the urine 

(5) An mveise relation between the urinary calcium and phosphates was 
observed, more calcium was always associated with less phosphates, and 
vice veisa 

(6) The necessity for balancing the diets with respect to their mineral 
constituents, chiefly calcium and phosphates, is indicated The basal diet of 
white biead, yeast, lime and iodine, when correctly balanced as regards its 
CaO and P 2 0 D contents, was, though deficient m fat-soluble vitamins, far 
superior to the basal diet containing an adequacy of fat-soluble vitamins, but 
ill-balanced with respect to CaO and P 2 0 5 

(7) Fat-soluble vitamins, either vitamin A or m association with vitamin 
D, were not found to exeicise a compensating effect on the imbalance between 
the supply of calcium and phosphates 

(8) Calcium carbonate and calcium hy dioxide stones aie not likely to 
arise on diets well-balanced with lespect to their calcium and phosphate- 
contents, even though they may be deficient in fat-soluble vitamins Provision 
of these vitamins m diets ill-balanced with lespect to calcium and phosphates 
prevented the retention of calcium caibonate oi hydroxide gravel in the 
urinary tract, but not its occurrence 

(9) The value for the ratio, CaO retamed/P 2 0 5 letamed, was near-about 
the theoretical in all animals receiving a balanced mmeial ration, those 
receiving imbalanced diets gave values for the ratio far m excess of theoretical 
Provision of fat-soluble vitamins had no effect on the value for the ratio when 
the imbalance between calcium and phosphate was not corrected 

(10) Animals receiving a balanced mineral ration, though deficient in fat- 
soluble vitamins, exhibited better growth, better health and better appetite 
than those receiving an imbalanced diet but piovided with a sufficiency of fat- 
soluble vitamins Nevertheless the growth, etc , was best when the fat-soluble 
vitamins weie present m adequate amounts 

(11) Excess of calcium m the diet did not increase the elimination of 
magnesium m the urme 

(12) More chlorides and more nitrogen were eliminated m the urine of 
animals fed on a balanced mineral ration, than in that of those fed on ill- 
balanced mineral ration Provision of fat-soluble vitamins did not affect the 
elimination of chlorides and nitrogen 
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Conclusions. 

The lesults of the present investigation bring out the importance of calcium- 
phosphorus imbalance m connection with the etiology of calcium carbonate and 
calcium hydi oxide stones in albino rats They also show conclusively that 
comparatively little fat-soluble vitamins is needed to maintain good growth, 
if the diet be peifectly balanced with lespect to its mineral constituents Pro- 
vision of adequate amounts of fat-soluble vitamins did not improve the 
growth, if the imbalance between the mmeial constituents was not corrected 
Further, a study of the values for the ratio CaO retamed/P 2 0 5 retained 
on the several diets investigated m the foregoing experiments suggests that this 
value may serve as a reliable critenon of the biological efficiency of a diet 
Conformity of this value to the theoretical is a necessary pre-requisite to the 
efficient functioning of a diet Its importance in devising a ‘ stock ’ diet for 
control animals employed in nutritional researches can hardly be over- 
estimated 
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RESEARCHES ON ‘ STONE ’ 

Part X. 

CATTLE STONE 
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[Received for publication, December 20, 1930 ] 


Previous work on the chemical composition of urinary calculi m cattle 
(Ranganathan, 1931) has shown them to be of uniform chemical composition, 
consisting for the most part of calcium carbonate with a little magnesium, the 
lattei presumably existing as the carbonate It has also been shown that they 
contain veiy little mtiogen and no uric acid, further, that the chemical com- 
position seems to be independent of the age of the animal and of the place of 
its nativity As regards their physical characteristics, they are usually small, 
giam-like bodies, often little bigger than a No 4 lead-shot, having a light or 
deep golden-yellow sheen about them They are also characterized by their fine, 
laminated stiucture and by the large numbeis present in individual cases 

The piesent papei deals with a stone recently removed from the urethra 
of a si\-months-old male calf, at Madura, which did not possess the physical 
and chemical characters of the 23 cattle stones previously reported upon 
(Ranganathan, 1931) it was single, about the size of a pea, was not laminated 
and had not the metallic sheen so commonly observed m cattle stones In 
chemical composition, it also differed from those previously analysed The 

following table shows its composition as also the average composition of a cattle 
stone 


I, MR 
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Moisture 
Per cent 

As PERCENTAGES ON MOISTURE-FREE SAMPLE 


Nitiogen 

P 2 0 5 

CaO 

MgO 

8 

Uric acid 

No 25 (stone 
fiom calf) 

167 

7*6 

22 0 

10 9 

12 5 

0-00 

0 

Average composi- 
tion of a cattle 
stone (re- 
presenting the 
average of 23 
stones) 

31 

0'37 

0*90 

44 0 

4 84 

39 07 

0 


In conti ast to the pievious 23 cattle stones, this one had a relatively high 
moistuie content, high nitiogen, phosphates and magnesium content, and a 
relatively low calcium content, caibonates weie not piesent m this stone The 
nitrogen present in it did not exist as uiic acid noi as an ammonium compound, 
but its nature could not be determined as there was not enough stone material 
for the necessary examinations 

The calf fiom which this stone was removed was fed on mother’s milk for 
the first two months of its life, later it was fed on giound cotton-seeds 
( Gossypium Sp ) with Bengal giam husk {Cicei Anetmnm), rice bran and 
other household waste food materials 


Ranganathan (1931) 
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OjSI the effect of milk in preventing the formation of 

CALCIUM STONES IN THE URINARY TRACT OF 

ALBINO RATS 


BY 

Colonel R McCARRISON, cie, m d , d sc , ercp, khp, ims ; 

Nutritional Reseat ch Laboratories, I, R F A, Coonoor 

[Received for publication, February 4, 1931 ] 

In a pievious lepoit (McCairison, 1930) the influence of lime m favouring 
the production of unnaiy calculus m rats has been dealt with It has been 
shown that the stones produced by means of a diet deficient m fat-soluble 
vitamins, m suitable protein and in phosphates, while at the same time exces- 
sively rich m lime, are of the calcium caibonate or calcium hydroxide variety 
or a combination of both 

The dianges in calcium and phosphoius metabolism brought about m rats 
by this diet have likewise been discussed (Ranganathan, 1931) and emphasis 
laid on the lack of balance between calcium and phosphorus as an important 
factoi m the causation of stones of this vanety Fuithei, attention has been 
dnected to the identity m composition and physical characters of the experi- 
mentally-pioduced calcium caibonate stones to those occuiung undei natural 
conditions in cattle (McCarnson, 1931) 

The purpose of the piesent lepoit is to recoid the effect of whole milk m 
pieientmg the development of calcium carbonate stones in albino rats 


The experimental diets. 

The diets used m the present expenments were similar to those employed 
previously (McCairison, 1930) But the concentration of lime m them was 
lalved Foui diets were used then composition is set out m Table I 

( 51 ) 
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Table I 


Showing the composition of the experimental diets 


Diet 

White 

biead, 

gs 

Dried 

yeast, 

gs 

Iodine 

solution 

drops 

Lime 

grams 

Milk, c c 

Distilled 

water 

I 

97 

3 

25 




n 

97 

3 

25 


25 


m 

97 

3 

25 

12*5 



IV 

97 

1 

3 

25 

i 

12 5 

25 

• 



Twelve young rats — 5 males and 7 females — aged between 30 and 40 days, 
and of body-weights ranging between 37 and 52 grammes, were fed on each of 
the first two diets Sixty young rats — 25 males and 35 females — of the same 
age, and of body-weights ranging between 36 and 53 grammes, were fed on each 
of the last two diets Each animal was confined m a separate cage under 
conditions of scrupulous cleanliness The experiments commenced on the 29th 
January, 1930, and were continued for 344 days 

Results of the experiments 

The results are summanzed m Table II 


Table II 

Showing the results of the experiments 


Description of 
diets 

Number 
of rats 

Stone in thl 

W 

m 

■ 

m 

Hydro- 

nephrosis 

Bladder 

Ureter 

Kidney 

0 1 

o 


I Without lime 
or milk 

12 

2 

0 

0 

3 

4 

3 

0 

II With milk 
no lime 

12 

0 

0 

0 

0 

0 

0 

0 

HI With lime 
no milk 

60 

17 

1 

1 

29 

17 

11 

0 

IV With lime 

and milk 

60 

0 

0 

0 

3 

1 

1 

0 


From this table it is seen that the basal diet without lime or milk caused 
vesical calculus m 16 6 per cent, cystitis and dilated ureters in 25 per cent, and 
pyonephrosis m 33 3 per cent of the animals fed upon it The addition of whole 
milk to this diet, m the proportion of approximately 5 cc per rat per day, 
completely prevented all these manifestations of disease m the urinary tract 
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The addition of lime — 1 5 to 2 5 grams of which weie consumed by each 
rat daily — caused an increase m the incidence of vesical calculus of from 16 6 
to 28 3 pei cent and of cystitis from 25 to 48 3 per cent The incidence of 
dilated uieteis and of pyoneplnosis was not significantly altered The further 
addition of whole milk to this diet completely pi evented the formation of unnary 
calculus but it did not, m the amounts consumed by the animals (appioximately 
5 cc per rat per day), wholly prevent the occunence of mflammatoiy 
conditions in the tract, although gieatly l educing their incidence It is piobable 
that in ceitam individual rats a laigei quantity of milk was lequued to afford 
them complete piotection 

As has been shown m previous repoits (McCarnson, 1930, Ranganathan, 
1931) the mam faults m these diets, to which the foimation of calcium carbonate 
stones aie to be attnbuted, aie (1) relative deficiency of phosphates and 
(2) deficiency of fat-soluble vitamins To these must be added the general 
state of malnounshment lesultmg from the consumption of these diets The 
addition of milk m sufficient quantity coirects all these faults 

Conclusion. 

The addition of whole milk m sufficient quantity to a diet of white bread, 
yeast and lime completely prevents the foimation of unnaiy calculi of the 
calcium carbonate or calcium hy dioxide vaneties m albino rats 
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RESEARCHES ON * STONE 5 
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ON THE RELATIVE IMPORTANCE OF VITAMIN A, RADIOSTOLEUM, 
COD LYVER OIL AND SODIUM PHOSPHATE IN PREVENTING 
THE FORMATION OF CALCIUM STONES IN THE 
URINARY TRACT OF ALBINO RATS 


BY 
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[Received foi publication, February 4, 1931 ] 


In a pievious paper (McCamson, 1931a) it is shown that the 
deposition of calcium caibonate 01 hy dioxide 01 a mixtuie of both m the 
unnaiy tiact of albino rats, fed on a diet composed of white biead, diied 
yeast, slaked lime and distilled watei, was completely prevented by the 
addition of whole milk, m the piopoition of 5 c c’ pei lat pei day, to this diet 
This amount of milk did not, howevei, wholly pi event the occurrence of 
inflammatory states of the tiact (cystitis and pyoneplnosis), and it was 
suspected that it failed to do so because it was insufficient foi the Varying 
needs of individual animals 

In Mew of oui studies of calcium and phosphoius metabolism m relation 
to stone-formation (Ranganathan, 1931a) it was thought that whole 
milk exercised its pioteetive action by vntue of its content of fat-solubles A 
and D oi of its content of phosphates or of both In older to test this pre- 
sumption the experiments with which the present paper deals were undertaken 
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Researches on ‘ Stone ’ 


The experimental diet. 

The diet was that previously employed for the production of calcium 
carbonate and hydioxide stones (McCainson, 1930a, 19316) It consists of 
97 parts of white biead, 3 parts of dried yeast, 25 diops of a solution of iodine 
(1 mg to the litre) in distilled watei, and distilled water ad libitum To this 
diet slaked lime is added m vaiymg propoitions, m the piesent instance the 
amount was 5 giains per rat per day Vanous additions were made to this 
basal diet and groups of young lats were fed on the lesultant mixtuies, the 
expenments running concurrently The additions weie as follows — 

1 Vitamin A concentrate (B D H ) m the proportion of one drop pei 

rat pei day 

2 Radiostoleum (B D H ) — containing both vitamin A and vitamin D — 

m the piopoition of one diop per rat per day 

3 Sodium phosphate, eithei with or without vitamin A concentrate oi 

radiostoleum, in the pioportion of 0 35^ giamme per rat per day 

4 Sodium phosphate as above together with cod-livei oil, m the proportion 

of 0 4 c c pei rat pei day 

The experiments. 

Sixty young rats, of body-weights langing between 35 and 56 grammes, were 
used Of these 31 weie females and 29 were males They weie divided into 
7 gioups of the same mean body-weight, the sexes being as far as possible 
equally distributed in the vanous gioups They weie fed as follows — 

Gioup I On the basal diet containing slaked lime but without fuither 
additions 

Gioup II On the basal diet containing slaked lime together with sodium 
phosphate 

Group III On the basal diet containing slaked lime and sodium phosphate 
togethei with vitamin A concentrate 

Gioup IV On the basal diet containing slaked lime together with 
vitamin A concentiate but without sodium phosphate 

Gioup V On the basal diet containing slaked lime and sodium phosphate 
together with ladiostoleum 

Group VI On the basal diet containing slaked lime together with radio- 
stoleum but without sodium phosphate 

Group VII On the basal diet containing slaked lime and sodium phosphate 
togethei with cod-livei oil 

Details of the expciiments — the numbei of lats in each gioup, their mean 
initial and final body-weights, the aveiage number of days they weie under 
experiment, the mortality amongst them and the incidence of urinary calculi 


This amount was chosen as being that necessary to form, with the uncombmed calcium 
ingested, insoluble calcium phosphate m the bowel 



Giving a summary of the experiments and thevr results 
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* The stones varied m weight from 26 to 505 mg , that in. Group V was the smallest 
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Reseat dies on 1 Stone ’ 


and of mflammatoiy states of the urinary tiact, and ceitam othei details — are 
set out m the accompanying table The expenments weie continued foi 244 days 
when the survivois weie killed 

Influence of sodium phosphate 

The addition of sodium phosphate to the basal diet plus lime (Gioup II) 
had si\ notable effects (1) it gieatly impioved the late of giowth of the 
animals, (2) it mci eased the aveiage penod of their survival and halved the 
mortality, (3) it gieatly leduced the incidence of unnaiy calculus but did not 
wholly prevent the disease, (4) it l educed the incidence of inflammatory states 
of the unnaiy tiact, (5) it caused a lelatively high occurrence of hypeiplasia 
of the vesical mucous membrane, and (6) it induced ‘hydrops testis’ 
(McCamson, 19306) m 3 out of the 5 males m the gioup (Gioup II) Five 
animals died in thn gioup tluee fiom pneumonia, one fiom severe cystitis and 
the fifth from an unknown cause That is to say, the relatively high moitahty 
(41 6 pei cent) vas due in the mam to bactenal infection of one kind oi anothei 
[With lespect to the late of growth of animals fed on the basal diet plus lime, 
wheiein the calcium/phosphorus balance was piopeily adjusted by the addition 
of the requisite amount of sodium phosphate, it must be emphasized that any 
impel feet giowth exhibited by them was due to disease acquned as a consequence 
of insufficiency of vitamin A in the diet When no such disease occuired then' 
late of giowth was as good as m animals lecemng vitamin A concentiate or 
ladiostoleum in addition to phosphate ] 


Influence of vitamin A concentrate. 

The addition of vitamin A concentiate to the basal diet plus lime 
(Gioup IV) did not impiove the late of giowth of the animals to any marked 
extent, it prolonged the aveiage penod of their survival and loweied the 
moitahty late, it halved the incidence of stone (the case of uieteial stone in 
this gioup occuned in an animal which had a laige collection of calcium 
caibonate calculi m the bladdei), and, it halved the incidence of cystitis and 
p'soneplnosis (compaie with Gioup I) Foui animals died m this gioup three 
from vesical calculus and its sequelse, the fouith fiom an undiscovered cause 
It is significant that no animal m this gioup died as a lesult of pulmonaiy 
infection 


Influence of radiostoleum. 

Radiostoleum (B D H ) contains both vitamin A and vitamin D Its 
addition to the basal diet plus lime (Group VI) caused a consideiable lmpiove- 
nient m the late of grovth of the animals, piolonged the aveiage penod of 
then survnal, maikedly leduced the moitahty late, and halved (appiox ) 
the incidence of stone and its sequel® (the two ureteial stones and the lenal 
stone m this group occuired m animals which weie suffenng also fiom vesical 
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calculus) Two animals died m this gioup both as a lesult of stone and its 
sequelai 

Influence of vitamin A plus phosphate. 

The addition of phosphate and vitamin A to the basal diet plus lime 
(Gioup III) greatly impioved the late of giowth, loweied the moitality to nil 
and completely pi evented the occunence of stone and of mflammatoiy 01 othei 
moibid states of the uimaiy tiact What phosphate alone 01 vitamin A alone 
could not achieve was achieved by the addition of both to the diet 


Influence of radiostoleum plus phosphate. 

The addition of phosphate and radiostoleum to the basal diet plus lime 
(Gioup V) greatly impioved the late of giowth of the animals, piolonged their 
aveiage penod of life and 1 educed the moitality late to 33 3 pei cent But it 
did not afford the animals complete piotection against stone In these legal ds 
it was mfenoi to vitamin A concentiate, piobably because the amount of 
vitamin A contained in the ladiostoleum was too small foi this pui pose oi for 
the puipose of piotectmg the lats against infection Two animals died m this 
group one fiom pneumonia (this being the animal in which vesical calculus 
occuired) , the othei from intestinal disease 


Influence of cod-liver oil plus phosphate. 

The addition of cod-hvei oil and phosphate to the basal diet plus lime 
gieatly impioved the late of giowth of the animals, i educed the moitality to 
ml and affoided them complete piotection against stone and mflammatoiy oi 
othei moibid states of the uimaiy tiact Piotection was also afforded against 
pulmonaiy and other infections In these lespects cod-hvei oil plus phosphate 
had the same effects as vitamin A concentiate plus phosphate 


Influence of sex. 

No significant sex diffeiences legardmg the incidence of stone or of its 
sequel® weie bi ought out by the lesults of these experiments 


Summary and conclusions. 

It is evident fiom the above lesults that neither sodium phosphate alone 
noi Mtamm A concentiate alone noi ladiostoleum alone wholly pi evented the 
deposition of calcium caibonate oi liydioxide stones m the uimaiy tract of 
albino lats fed on the basal diet plus lime But the addition of both phosphate 
and vitamin A, eithei m the foim of cod-liver oil or of vitamin A concentrate 
attended the animals complete protection The protective action of radiostoleum 
hen added to the diet togethei with phosphate was not so gieat as that of 
eithei cod-ln ei oil oi vitamin A concentiate 
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Reseal 6hes on ‘ Stone ’ 


There are two essential factois m the production of calcium carbonate 
stones in rats the first and most impoitant, is a deficiency of phosphate relative 
to the amount of calcium ingested, the second is an insufficiency of vitamin A 
in the diet But a balanced adjustment 1 between calcium and phosphorus will 
not wholly pi event stone unless the diet contains at the same time a sufficiency 
of vitamin A 

The majonty of urinary calculi m Indian cattle appear to be of the calcium 
carbonate variety and of a composition piactically identical with those produced 
undei experimental conditions in rats (Ranganathan, 1931b) It is leasonable, 
theiefore, to conclude that their causes are the same m the two species of animals 
and to pi edict that a sufficiency of green fodder (to piovide vitamin A) as part 
of a ration well balanced with respect to calcium and phosphates will prevent 
the occurrence of calcium caibonate stones in cattle 

The lesults recorded in this papei are in conformity with the metabolic 
studies lepoited m another pait of this Journal by the junior author 
(Ranganathan, 1931a) 
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EXPERIMENTAL PRODUCTION OP G-ASTRIC ULCER IN 

ALBINO RATS 

(A PRELIMINARY REPORT) 


BY 

Colonel R McCARRISON, cie,md,bsc,frcp,:ehi?,ims. 
Nutritional Research Ldboi atones, I R F A , Coonoor 

[Received for publication, February 4, 1931 ] 

Gastric and duodenal ulcers are extiemely common m Southern India so 
much so that at the General Hospital, Madras, the Medical Mission Hospital, 
South Travancore, and other hospitals m the south of India hundreds of surgical 
operations are performed annually for the relief of these conditions The 
relative frequency of the two maladies is not definitely known, but gastric 
ulcer appears to be the more common m Madras, duodenal ulcer the more 
common m Travancore Two surgeons m South India — Lieut -Colonel E W C 
Bradfield, ims late Superintendent of the General Hospital, Madras, and 
Dr T H Somervell of the South Travancore Medical Mission — who have had a 
very laige surgical experience of these two conditions have formed the opinion 
that their occurrence is m some way related to the diet of the people of these 
terntories Dr Somervell has undertaken a study of duodenal ulcer from this 
point of view, the results of which have convinced him that the tapioca diet 
in use by the people of South Travancore is definitely related, m a causative 
Fay, to the disease This view has been submitted to the test of experiment, 
and the purpose of this preliminary report is to record the results of the test 


The experiments. 

The animals used were albino rats taken from the healthy and well-fed 
stock of these laboratories The freedom of this stock from gastric or duodenal 
ulcei was established at post-mortem examination of over 600 animals of all 
ages The stock lats are fed on a diet consisting of whole wheat flour chava 
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Experimental Production of Gastric Ulcer 


lightly smeaiecl with fiesh butter, the hard crusts of white loaves, sprouted 
Bengal gram, fiesh raw cabbage and cairots ad libitum, whole milk, watei, and 
a small ration of fiesh law meat with bones once every week 01 ten days They 
live undei perfect hygienic conditions, and are exposed daily to the sun’s lays 
In these circumstances neithei gastric noi duodenal ulcer arises, nor, indeed, do 
any of the gastio-mtestmal ailments so common m man 

The hygiene of the rats m the piesent expenments was equally good 
They, too, lived undei conditions of scrupulous cleanliness and were exposed 
daily to the sun’s lays, but the conditions of the expenments required then 
separation fiom their felkrns, while sti aw-beddmg, which the stock animals 
enjoyed, was withheld fiom them because of the habit lats have of eating it 
They w ere thus more exposed to ‘ chill ’ than the stock animals and this was, 
no doubt, a factoi conceined in the fiequent occunence of pneumonia amongst 
them, this factoi was, howevei, of secondaiy impoitance to food 

Two groups of 18 young lats, of body-weights ranging from 44 to 
96 giammes, were fed on the two diets of which details aie given below The 
experiments, which ran concunentlv, were continued foi 675 days by which 
time most of the animals had died Details regarding them are set out m 
Tables I and II 


The expenmental diets 

The staple article of diet of the people of South Travancoie is tapioca 
a food of low piotem and fat-content and almost wholly lacking m the three 
important vitamins A, B and C With this, and a ceitam amount of rice, fish 
and condiments, the pooiei classes of the people seek to sustain themsehes 
In addition to its deficiencies m some dnections and to its excesses m others r 
the diet is a very bulky one a factoi which has to be taken into consideiation 
in evaluating its disease-pi oducmg potency In August 1927, Dr Someivell 
gave the following as the avei age diet of his last 30 cases of duodenal ulcei — 


Morning meal 
Tapioca 

Red chillies (pepper) 

Tamannd 

Rice watei (‘ conjee ’) 

Midday meal 
Tapioca 

Red chillies (pepper) 

Tamarind 

Rice watei (‘conjee’) 

Evening meal 
Tapioca 
Rice 

Risli with ordinal y eurrv-stuffs 
(Meat occasionally, chiefly at night ) 


1 to 1 5 pounds 
30 to 40 giams 
30 to 40 „ 

1 to 1 5 pints 

1 to 2 pounds ' 

30 to 40 grams 
30 to 40 „ 

2 pints 

0 5 to 1 pound 

1 to 2 pounds 
(Amount not stated) 
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‘The tapioca is piepaied foi consumption m one 01 othei of two ways — 

(а) The outer skin is cut fiom the fresh roots, the loots are boiled and 

the watei discaided as soon as it comes to the boil, a little salt is 
added and the loot is then eaten m its pulpy condition 

(б) The outei skm is cut off and the loot dried foi 4 or 5 days It is then 

washed m cold watei and boiled as before 

The pooiei people employ the first method almost exclusively The root 
is always fiist soaked or boiled, as the people believe it contains a soluble 
poison’ (Dr Someivell) 

In the preparation of oui expenmental diets we employed, as fai as possible, 
the methods of cooking m use by the people of Travancoie Two diets were 
used the one including tapioca the other not Then composition was as 
follows — 


The tapioca diet 
Tapioca 
Rice 
Chillies 
Tamarind 
Fish 

Rice water 
The nee diet 
Rice 
Chillies 
Tamarind 
Fish 

Rice water 


. 10 oz 

10 oz 
1/8 oz 
1/8 oz 
2 oz 

ad libitum 

.. 20 oz 

1/8 oz 
1/8 oz 
2 oz 

ad libitum 


The rice used m the piepaiation of these diets was pai boiled, milled and 
of fair quality 


Results of experiments 

In each gioup one animal was excluded because of the slioit tune it had 
lived on the diet There remained 17 animals in each gioup which suivived foi 
174 days oi longei These enabled a comparison of the two gioups to be made 
and both to be contrasted with the stock animals, which, during the same 
penod, lemamed free fiom disease — 


(1) The moitality m both groups was veiy high 94 per cent m the gioup 

fed on the tapioca diet, and 82 pei cent m the gioup fed on the 
rice diet 


(2) In both pneumonia was the pnncipal cause of death the most con- 
spicuous effect of the diet was, therefoie, to lendei the animals 
highly susceptible to infection of the lungs Other less common 
j mr causes of death " ele antemm, enteritis and inanition In nine out 

5 
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Experimental Production of Gastric Ulcer. 


of the 30 animals dying during the couise of the expenment the 
cause of death was not definitely asceitamed 

(3) The growth of the animals in both groups was pool, m this lespect 

the tapioca diet was slightly the better of the two 

(4) Eight out of 17 animals fed on the tapioca diet, or 47 per cent, were 

found at post-mortem examination to have lesions of the stomach 
and six out of 17 fed on the rice diet (or 35 per cent) 

(5) Those fed on the tapioca diet weie moie subject to congestion of the 

stomach and to gastutis both were liable to epithelial overgrowths 
at isolated areas m the proximal or squamous portion of the 
stomach and to ulceration of this part of the viscus Those fed 
on the tapioca diet were definitely more liable to ulceration of the 
distal or mucous portion of the stomach In neither did duodenal 
ulcer occur, though two of those fed on the 'tapioca diet' and 
one fed on the 'nee diet 5 weie found at post-mortem examination 
to have duodenitis 

These results are summarized in Tables I and II 

The gastric ulcers 

These were of small size measuimg 0 1 to 0 5 cm m diameter They 
occuned both m the squamous and m the mucous portions of the viscus In 
the foimei locality they had raised edges which were often undermined, in the 
latter they were depressed below the suiface of the mucous membrane They 
were best observed by opening the stomach and spreading it out on a glass plate 
after gently washing away adherent food-matenal In some cases blood clot 
was found lying fiee m the stomach, m others the mucous membrane was 
studded at various points with small clots, about the size of a small pm’s head, 
which weie tightly adherent and resisted removal It has not been possible to 
examine all these histologically but where such examination was made the area 
undei lying the clot was found to be the seat of a small ulcer 

Conclusion 

Both the ‘ tapioca diet,' eaten by the people of South Travancore, and the 
‘ rice diet,' which is similai m composition to that eaten by many people m the 
Madras Presidency, are capable of causing gastric ulcer m albino rats The 
tapioca diet is the worst of the two 
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URINARY EXCRETION OF IODINE BY GOITROUS AND 
NON- GOITROUS PERSONS IN GILGIT 

Part II. 


BY 

Colonel R McCARRISON, cie, md, dsc, fkcp, khp, ims, 

AND 

G SANKARAN, mb,bs 

(Nutritional Research Laboratories, I R F A , Coonoor ) 

[Received for publication, March 12, 1931 1 

In a pievious leport (McCairison et al , 1931) an account was given of the 
iodine-contents of the urines of goitrous and non-goitrous persons m Gilgit 
(McCamson, 1906) It was found that no significant difference existed between 
them The urines dealt with m that report weie collected during the late spring 
and early summer months, and it was emphasized that the results observed 
related only to that season of the year 

The piesent repoit deals with the analyses of a further series of 45 manes — 
31 from goitrous and 14 from non-goitrous individuals — collected during the 
summer and early autumn months ir The lesults of the iodine-determinations 
aie set out m Table I 

Table I 

Showing the results of iodine- estimations m the urine of 31 goitrous and 14 non- 
goitrous persons m Gilgit, Kashmir iodine m y per litre of mine 


Goitrous 


No 

Sex 

Age 

Iodine 

No 

Sex 

1 

F 

6 

10 



2 

F 

11 

12 

32 

F 

3 

F 

14 

8 



4 

F 

15 

13 



5 

F 

20 

11 



6 

F 

22 

10 




Non-Goitrous 


x Age 


Iodine 


' 1 lUULULOU 

Etaff f° r these samples. 
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Table I — concld 


Goitrous 

Non Goitrous 

No 

1 mgm 


Iodine 

No 

Sex 

Age 

Iodme 

7 

F 

24 

10 





8 

F 

25 

13 





9 

M 

26 

6 

33 

M 

26 

6 

10 

M 

26 

5 





11 

F 

27 

15 

34 

M 

27 

6 





35 

M 

28 

4 

12 

M 

29 

7 





13 

F 

30 

16 

36 

M 

30 

5 

14 

M 

30 

20 





15 

M 

32 

12 





16 

F 

32 

15 





17 

M 

34 

5 

37 

M 

34 

4 

18 

M 

36 

6 





19 

F 

35 

8 





20 

F 

36 

10 

38 

F 

36 

14 

21 

F 

36 

16 

39 

F 

36 

4 

22 

F 

37 

14 




— 

23 

M 

40 

5 

40 

M 

40 

22 

24 

F 

40 

6 





25 

M 

40 

5 



' 


26 

M 

40 

12 





27 

F 

40 

12 









41 

F 

42 

15 





42 

M 

42 

rr 

t 





43 

M 

44 

1 





44 

M 

44 

5 

28 

F 

46 

10 

45 

F 

46 

8 

29 

M 

46 

6 





30 

M 

48 

5 





31 

M 

50 

8 






These results are shown as averages in Table II 
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Table II 

Showing the results as averages 



No 

Range of ages 

t 

iodine in y 
per litre 

Goitrous both sexes 

31 

6—50 

9 9 

Non-goitrous both sexes 

14 

11—46 

9 1 

Goitrous females 

18 

6—46 

116 

Non goitrous females 

4 

11—46 

115 

Goitrous males 

13 

26—50 

7 8 

Non goitrous males 

10 

26—44 

8 1 


From the results set out m Tables I and II it is clear that no significant 
difference exists between the minary excretion of iodine by goitrous and non- 
goitrous persons in Gilgit during the late summer and early autumn months 

These results may be compaied with those m the fiist series (McCarrison 
et al , 1931) 



1st Series 

2nd Series 

No 

Iodme in y 
per litre 

No 

Iodine m y 
per litre 

Goitrous both sexes 

36 

7 1 

31 

9 9 

Goitrous females 

16 

7 4 

18 

11 6 

Goitrous males 

20 

6 9 

13 

7 8 

Non goitrous both sexes 

33 

95 

14 

9 1 

Non goitrous females 

15 

10 6 

4 

115 

Non goitrous males 

18 

86 

10 

8 1 


From this companson it is seen that while goitious individuals excrete 
slightlv moic iodine in the urine during the late summer and early autumn than 
duung the late spimg and early summei, the urinai y excretion of iodine by 
non-goitroub peisons is approximately the same at both seasons A fuilhei 
resut emerges fiom these findings females, whether goitrous 01 non-goitious, 
exuetc slightly moie iodine in the urine than males 
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Unnary Excretion of Iodine 
Conclusions 

(1) There is no significant diffei ence in the urinary excretion of iodine by 
goitrous and by non-goitious peisons in Gilgit The conclusion reached in our 
first report is thus confiimed (McCarnson et al , 1931) 

(2) The unnaiy excretion of iodine both by goitious and by non-goitrous 
persons in Gilgit appears to be influenced, to a slight extent, by sex and by 
season 


REFERENCES 

McCarrison (1906) Med Chirnrg Trans, LXXXIX, pp 437-470 

Idem ( et aha) (1931) lnd lour Med Res, XVIII, 4, pp 1335-1346 
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IODINE-CONTENT OF THE THYEOID GLANFD IN 
OHINEA-PIGS FED ON A SCORBUTIC DIET 


BY 

G SANKARAN, mb,bs 

{From the Nutritional Research Laboratories , Indian Research Fund Association , 

Pastern Institute , Coonoor ) 


[Received for publication, February 9, 1931 ] 


In a pievious paper (Sankaian, 1930) dealing with the iodine-content of 
the noimal thyioid glands of albino rats, fed on a well-balanced stock diet, it 
was shown that the iodine-content of the gland vanes directly with its weight 
This positive coi relation exists only m normal glands, in those that are hyper- 
plastic the eoirelation is reversed the iodine-content being then m inverse 
relation to the size (weight) of the hyperplastic organ This inverse relation 
is well lllustiated by the goitres produced m rabbits by means of cabbage diets 
(McCamson, 1931) 

In all of Colonel McCarrison’s recent work on the effects of faulty diets 
on the thyroid gland the iodine-content of the glands of animals fed on these 
diets has been estimated and compaied with that m conti ol animals of the 
same species fed on diets m which the various faults under study have been 
corrected 

In the course of this work 25 guinea-pigs weie fed on a scorbutic diet of 
crushed oats and autoclaved milk m the proportion of 50 grammes of the forinei 
to 25 grammes of the latter A second group was fed on a well-balanced stock 
diet consisting of canots, sprouted Bengal gram, fresh cabbage, green grass, 
bran and tap water The iodine-content of these two diets was not estimated, 
but it is safe 10 assume, judging fiom the composition of the latter, that it was 
ncier m iodine than the former Each animal was confined m a sepaiate 
cage undei conditions of scrupulous cleanliness Those fed on the scoibutic 

( 71 ) 
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Iodine-Content of Thyioid Gland m Guinea-Pigs 


diet lapidly developed signs of scuivy and died within 15 to 30 days, the 
conti ol animals remained m good health Nineteen thyioids fiom the former 
gioup and 25 fiom the latter were available for estimation of their iodine- 
content The lesults of these estimations are set out m the accompanying 
Table I and spot diagram (Text-figuie) 
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Text-figure 


It is obvious from the diagiam that the iodine-content of the thyioid 
glands of gumea-pigs fed on the scoibutic diet is significantly higher than m 
guinea-pigs fed on the well-balanced stock diet Further, m both cases a 
high positive coi relation exists between the iodine-content and the weight of 
the gland 

Confiimation of these lesults is afforded by the histological appearances 
of the gland in the two groups These are indicated m Plate I, figs 1 and 2, 
vliicli aie i epresentative specimens kindly prepared by Eai Sahib Mula Singh 
in the Pathological Department of these laboratories It will be noted that 
the glands of gumea-pigs fed on the scoibutic diet are markedly richer in 
iodine-containing colloid than those of the control animals It is not the 
purpose of this paper to go into histological details nor to attempt an explana- 
tion of this unexpected finding, these are matters which will be dealt with 
by Colonel McCamson m another place My purpose is merely to record the 
results obseived 
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Table I 

Showing iodine m guinea-pigs thyioids 


SCORBUTIC DIET 


Control diet 


No 

Weight of 
thyroid 
in mg 

Iodine 
found m 

y 

Iodine per 100 
mg thyroid 

No 

Weight of 
thyroid in 
mg 

Iodmo 
found in 

y 

Iodine pei 100 
mg thyioid 

1 

20 2 

60 

29 8 

26 

414 

25 

60 

4 

30 0 

12 0 

40 0 

27 

24 0 

1 5 

62 

5 

24 0 

80 

33 4 

28 

33 2 

30 

9 0 

7 

22 4 

12 0 

53 5 

29 

43 2 

4 0 

9 3 

8 

16 0 

60 

37 5 

30 

30 2 

30 

99 

10 

62 8 

28 0 

53 2 

31 

31 6 

20 

63 

11 

10 6 

12 0 

39 2 

32 

40 8 

30 

7 3 

12 

34 2 

18 0 

52 7 

33 

40 2 

28 

7 0 

13 

34 0 

15 0 

440 

34 

49 8 

40 

80 

14 

13 0 

6 0 

46 0 

35 

440 

IS 

41 

10 

29 2 

22 0 

75 5 

36 

310 

20 

6 5 

17 

26 8 

80 

310 

37 

39 2 

2 S 

7 1 

18 

26 0 

20 0 

80 0 

38 

32 2 

1 8 

56 

19 

12 2 

7 0 

67 8 

39 

49 0 

28 

5 7 

20 

34 8 

19 0 

54 6 

40 

36 0 

25 

69 

21 

28 0 

10 0 

35 8 

41 

38 6 

2 8 

72 , 

22 

55 8 

22 0 

39 4 

42 

24 8 

20 

8 1 

23 

39 0 

16 0 

41 0 

43 

31 6 

28 

89 

25 

48 2 

22 5 

46 6 

44 

36 4 

35 

9 6 





45 

55 2 

60 

10 9 





46 

45 0 

60 

13 3 





47 

40 2 

7 0 

17 4 





48 

39 6 

30 

7 6 





49 

442 

50 

11 0 





— ~ 


50 

31 0 

25 

8 1 


of sp^^ h n ed gUmea_PlgS the 10dme oontents 

r s Pocies of animals are set out in Table II 
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Table II 

Showing the iodine- content of the thyroid gland m different species of animals 



Iodine in y per 100 mg 
fresh thyroid gland 

Authorities 

Albino rat 

18 0 

Sanharan, 1930 

Cattlo 

112 0 

Marine and Lenhart, 1909 

Sheep 

69 0 

99 99 

Hog 

88 0 

99 99 

Rabbits 

23 to 60 

Rowett Institute (unpublished) 

„ (Coonoor) 

2 to 4 

Sanhaian, 1931 

Fowl 

140 to 209 

Rowett Institute (unpublished) 

Guinea pigs (scorbutic) 

47 6 

Sankaran, 1931 

Guinea pigs (normal) 

84 

99 99 


Summary. 

(1) The iodine-contents of 19 thyroid glands of guinea-pigs fed on a 
scorbutic diet and of 25 fed on a control diet have been estimated 

(2) The iodine-content was found to be significantly higher m the guinea- 
pigs fed on the scorbutic diet 

(3) A high positive coi relation between the weight of the glands and 
then iodine-content was found to exist m both groups 

REFERENCES 

Sankaran (1930) Ind Jour Med Res , XVIII, 2, pp 563-575 

McCarrison (1931) Ibid, 4, pp 1311-1334 
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THE BASAL METABOLISM OF SOUTH INDIAN WOMEN 


BY 

ELEANOR D MASON, 

AND 

FRANCIS G BENEDICT 

{From the Women’s Christian College, Madras, and the Nutrition Laboratory 
of the Carnegie Institution of Washington, Boston, USA) 

[Received for publication, January 10, 19311 

The basal metabolism of humans, that is, the heat pioduction of the 
normal individual, lying quietly, awake, twelve horns after a meal, is accepted 
as a physiological constant m many labor atones and clinics While it has 
been until lecently a purely physiological measure, to-day the determination 
of basal metabolism has become an important supplement in the diagnosis and 
subsequent treatment of a number of endocrine disturbances, notably toxic 
goitie and myxeedema 

Measurements on noimal individuals m various temperate countries show 
that the geneial level of basal metabolism is not materially different m these 
countries When measurements were secured under tropical or sub-tropical 
conditions, evidence began to appear of a basal metabolism lower than the 
Aub-Du Bois(l) and the Harns-Benedict(2) standards for Americans The 
evidence was by no means unequivocal, however Thus, Eqkman’s early study 
seemed to demonstrate that theie is no difference m the metabolism of natives 
m Batavia, Euiopeans living m the tropics, and Europeans living at home (3) 
Latei studies, especially the observations by Almeida m Brazil (4), suggested 
that the tropical climate has a maiked depressing effect on metabolism, and 


(1) Atjb, J C, and Du Bois, E F, Arch Intern Med, 1917, 19, p 831 

(2) Harris, J A, and Benedict, F G, Carnegie Inst Wash Pub No 279, 1919 

(3) Eijkman, C , Arch } d ges Physiol, 1896, 64, p 57, ibid, Jour de Physiol et de 
Path gen, 1921, 19 , p 33 

Joe 192-f L 22™ A) it °’ JOUT ^ Physwl et de Path gen > 1921 > 18 ’ PP 713 and 958, 


( 75 ) 



76 


The Basal Metabolism of South Indian Women 


duung the last few yeais the geneial tiend of opinion of a numbei of contn- 
butions fiom tiopical 01 sub-tropical localities has been that, so fai at least 
as natives aie concerned, there is a tendency foi a loweied metabolism m the 
tropics Biowns and blacks in Jamaica, howevei, weie found not to have an 
appieciably low metabolism (1), and Mayas m Yucatan seemingly have a 
somewhat lnghei metabolism than the Noith Amencan standaids(2) These 
facts, coupled with the observation that Chinese and Japanese women students 
living m the United States had a definitely low metabolism (3), stiessed the 
possibility of a lacial factoi entenng into the metabolic activity (4) 

Under tiopical conditions vanous factois must e\eit an influence upon 
vital activity Obviously humans living m the tropics aie subjected to climatic 
conditions entnely different from those obtaining m Europe and North 
Amenca, usually to a much lnghei tempeiatuie and often to a much lnghei 
humidity But judging fiom the findings of the diffeient co-worlceis engaged 
m a co-opeiative reseaich with the Nutution Laboiatoiy on the metabolism of 
laces m the tropics it is by no means clear that tempeiature and humidity 
alone aie the conti oiling factois Undei any climatic conditions the state of 
nutution is known to affect metabolism (5) The chaiactei of the diet also, 
paiticulaily if it is poor in protein(6), is commonly consideied an impoitant 
factor m establishing the level of vital activity The size and configuiation 
of the body also influence metabolism With native laces living m the tiopics 
othei common causes suggested to account for a lowered vital activity aie 
eaily mainage, huge families and pool hygienic conditions Hence it is cleai 
at the outset that a study of lacial metabolism involves a simultaneous consi- 
deiation of many factois 

The idea of a specific lacial factoi has been little emphasized In 1925 
it was noticed, m a study of some undergi aduates at Mount Holyoke College, 
USA, that the Chinese and Japanese women students had a definitely lower 
metabolism than Noith American women(7) In this case theie weie no 
differences m climate, diet, e\eicise and general college routine Data for 


(1) Steggerda, M, and Benedict, F G, Amer Jour Physiol, 1928, 85, p 621 

(2) Williams, G D , and Benedict, F G , Amer Jour Physiol , 1928, 85, p 634 

(3) MacLeod, G , Cnonrs, E E , and Benedict, F G , Amer Jour Physiol , 1925, 73, 
p 449, ibid, Proc Nat Acad Set , 1925, 11, p 342 

c (4) A lacial factoi in birds has been definitely shown by Riddle and Benedict 
(Sec Benedict, F G, Bull Soc Set d’Hygicne Alimen, 1929, 17, p 325 ) 

(5) Benedict, F G, Miles, W R, Roth, P, and Smith, H M, Carnegie Inst Wash 
Pub No 2S0, 1919, ibid , Proc Nat Acad Sci , 1918, 4, p 149, Benedict, F G, Jour Roy 
Aimy Med Corps, August, 1918, Benedict, F G, Pioc Amer Philos Soc, 1918, 57, p 479, 
Benedict, F G, Bull Soc Sci d’ Hygiene Alimen, 1918, 6, p 422 

(6) Wang finds that lather sudden but maiked changes in the protein intake aie 
without significant influence upon basal metabolism (See W\ng, C C, Hawks, J E, 
Huddlestun B , Wood, A A , and Smith, E A , Journal oj Nutrition, 1930, 3, p 79 ) 

(7) MvcLeod, G, Crofts, E E, and Benedict, F G, Amei Join Physiol, 1925, 
73, p 419, ibul , Proc Nat Acad Sci, 1925 11. p 342 
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comparison were drawn from the large mass of normal material in North 
Amencan studies, particularly in the Harns-Benedict senes where a large propor- 
tion of the women upon whom measurements weie made were of college age and 
weie attending college The difference rn metabolrsm between these Chrnese and 
Japanese women and the North American standards was so striking as to be 
suggestive of a clear 1 acral difference A number of othei observations made 
in China and elsewlreie(l) at about this same time seemed to confiim the 
view that theie is a specific lacial difference, although most of the studies weie 
so conducted that it was difficult to separate clearly the climatic factoi and 
the possible lacial factor 


General plan op research 

In companng the metabolism of Onentals and othei laces with that of 
Amencans and Europeans, the measurements should be made, m so fai as 
possible, in order to determine the influence of the lacial factor alone Such 
measurements can be obtained only by studying Orientals who aie living m 
the same country as the western lace with whom they are to be compared, 
in which case the climate and the diet would be stnkmgly different from their 
own, or by studying westerners undei tropical conditions and companng their 
metabolism directly with that of the inhabitants of the tropics The numbei 
of Onentals living m western countries that could serve as subjects for physio- 
logical observations is so small that the problem could never be settled 
adequately by a study of these alone For this reason it becomes essential to 
cairy out the observations directly m the tiopics Such studies can be made 
m two ways They can be earned out in institutions where theie are moder- 
ately well-equipped laboi atones where lespiration apparatus of an appioved 
type can be installed and well-tiamed technicians can secuie the lecords, or 
they can be earned out actually m the field m connection with ai chreological, 
geological, and geogiaphrcal expeditions Here the situation is infinitely moie 
complicated but by no means insurmountable 

Foi the purpose of determining whethei race per se is a definite factoi 
influencing metabolism, the Carnegie Nutrition Laboi atory has engaged upon 
an extensive survey of the metabolism of various laces, undei taken m co- 
operation with lesearch workers m different paits of the world, both m the 
field and m physiological laboratories It is hoped that ultimately a sufficient 
numbei of observations with diffeient races will be secured to permit of an 
extended generalized discussion of the racial factor As a part of this com- 
prehensive investigation a co-opeiative leseaich is being earned out by the 


CnducL moo Vt, r T ’ E r mtr J C/lGW ’ 1921 ' 47 ’ » 69 • Earle > H G, The 

p 5D, Tvkahirx k," ;; H G ’ C ! unese Jour Ph V sl ° 1 ’ 1928 > Report Senes, No 1, 

Tokio, Japan 1924 p SS Rep0lt ° f Impeual Nutrition Institute, 

1927 , 4. p 225 ' P § ’ E M , Austiahan Jour Erper Bwl and Med Sci 
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Carnegie Nutrition Laboiatoiy and the Women’s Christian College, Madras, 
m which the basal metabolism of South Indian women is being studied It is 
lecognized that all of the factors discussed above as affecting life m the tropics 
aie intimately intei woven in the measurements secured and that the time is not 
yet appiopriate foi making final comparisons between Indian women and 
women of otliei laces The data presented in this report aie therefore given 
as a conti lbution pnmarily to the study of the physiology of Indian women, 
with special reference to their basal metabolism 

All the obseivations lecorded m this leport were made in the Department 
of Zoology and Physiology at the Women’s Chnstian College, Madras, and 
weic confined to women This has a ceitam disadvantage, because women 
appaiently have a much more vaiiable metabolism than do men and the 
pioblem with women is therefoie more complicated But one might reason- 
ably aigue that if a careful survey is made with Indian women, it will be fair 
to assume that in comparison with western standards Indian men will show 
essentially the same picture 

Our experimental piogramme has thiec mam divisions, (1) a study of the 
basal metabolism of South Indian women, (2) a study of the basal metabolism 
of western women living m India, and (3) a study of the acclimatization of 
western and Indian women when they change their place of abode from one 
counti y to another of diffeient climate These pioblems call for a much 
longci study than has thus fai been made, and in this preliminary report only 
the information regarding the first part of the experimental plan will be 
piesented 

We wish here to express oui appieciation of the co-opeiation and financial 
suppoit accoided to us by the Women’s Christian College, Madras, and of the 
mtciest and encouragement of the Pnncipal, Dr Eleanor McDougall 


Metabolism studies on Indians by othee investigatoes 

A laige number of metabolism studies have been made with the Chinese, 
Japanese, Australians, Mexicans, and Philippines but relatively few measure- 
ments have been made of the basal metabolism of Indians Muldierjee(l), 
m 1926, reported the results of observations on fifteen male Bengalis from 
22 to 27 years of age His measurements, which were carried out with the 
Douglas bag and Haldane gas-analysis apparatus, were made after the subjects 
had been without food for from 16 to 18 hours, at a room temperature averaging 
27 °C The metabolism on the average was 9 per cent below the western 
standards In a second paper Mukherjee and Gupta (2) report a new series 
on eighteen healthy Bengali men from 20 to 29 yeais of age, whose metabolism 
averaged 13 3 per cent below the Du Bois standards with individual variations 


(1) Mukhfrjfe, H N (1926) Calcutta Med Jour, 20, p 425 

(2) Mukherjee, H 1ST, and Gupta, P C (1931) Ind Jour Med Itei, , 18, 3, p 807 
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of fiom -0 3 to -31 2 -pei cent Sokhey(l), m a note to the Far Eastern 
Association of Tiopical Medicine, gives lesults on male medical students m 
Bombay, piesumably Maiathis, langmg m age from 20 to 30 yeais Using 
the Tissot gasometei, he found the metabolism to average 12 per cent below 
the Du Bois standaids Detailed data aie not given 

Since this repoit deals exclusively with the metabolism of Indian women 
and not with the metabolism m the tropics m geneial, references are not given 
here to the somewhat extensive literature on this latter subject By far the 
most complete and cntical analysis of the liteiatuie on metabolism m the 
tropics, up to 1929, has been published by Tedmg van Berkhout(2) 


1 Technique 

Foi these co-opeiative leseaiches on racial metabolism a special appaiatus 
was designed foi use during actual field work, when conditions for metabolism 
observations aie at best difficult Obviously, much moie satisfactory measure- 
ments could be made when the studies were canned out unclei the auspices of 
a well-established laboratory oi clinic, where more refined apparatus could be 
installed The modern method of measuimg the basal metabolism by the 
graphic registration of the oxygen consumption has many advantages, chief 
of which is, m a research of this kind, that the lecord is permanent, objective, 
and uninfluenced by the operator Although the othei investigators co-opeiat- 
mg with the Nutrition Laboratoiy m its laeial reseaicli have used, without 
exception, the specially devised ‘field respiration appaiatus (3), on account 
of the advantageous location of the labor atoiy m Madras it was thought 
practicable to use a respiration apparatus enabling the graphic registiation of 
the oxygen consumption (4) 

The metabolism measurements were therefoie made with a spirometer 
type of lespiration appaiatus, which was lent to Madras by the Nutrition 
Laboratory m Boston In this apparatus a blower relieves the lungs of the 
work of cnculatmg the ventilating an current, and the caibon dioxide produced 
by the subject is collected m a soda-lime bottle outside the spirometer The 
accuiacy of this apparatus was controlled m the Nutrition Laboiatory by 
alcohol check experiments, and the thermometeis and the baiometer used with 
it were also carefully calibiated After its arrival m Madras alcohol check 


3 ^ 0KHET ’ ® Trans 7 th Congress Far Eastern Assoc Trap Med , Calcutta, 1927, 
P 0^1 

m 7 , A ^ c ^ ^ Teding, Mededeelmgen van den Dienst d Volksgezondheid 

v ' Bo i° n Med and surg j ° ur ’ i927 ’ i97> p 1161 > ibid > chm 

Artinii L, ' ’ ^ e P° r(; Series No 1, p 39, ibid, Abderhalden’s Handb d biolog 

Arbe^ethoden, 1929, Abt IV, Teil 13, p 1 

enedict, F G, Boston Med and Surg Jour, 1925, 193, p 807 
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expenments were again made and most satisfactory controls wcie also estab- 
lished theie(l) Thus we have every confidence in the accuiacy of the 
appaiatus as a physical instrument 

The method was used, tested by long experience, of taking leadings each 
minute of the position of the spirometer bell, as indicated by the pomtei earned 
on the counterpoise These readings foi ten consecutive minutes were plotted 
against the numbei of minutes and a straight line was drawn to repiesent the 
average trend of the plotted points The difference in the spirometer level 
between the beginning and the end of the 10-mmute period, as indicated by 
this line, was used m calculating the oxygen consumption per minute Giaplnc 
tiacmgs were also made regularly on a spring kymograph, without time record, 
and have proved of great help m observing the couise of individual expenments 
and m the study of the respnation 

In this co-operative research the opeiator making the metabolism measure- 
ments (EDM) received her training m the technique at the Nutrition 
Laboiatory 


Subjects used and measurements made 

The Indian subjects were almost all resident students or members of the 
teaching staff of the Women’s Christian College, Madras, whom we take this 
opportunity of thanking for their friendly interest and willing co-operation 
They lepresent almost exclusively three groups, including 27 Tamils, 17 
Malayalis, and 6 Telugus In addition, there were two Coorgs and two 
Kanarese 

During the fiist few weeks of the research each subject came to the 
laboratory the day before her series of experiments was started, to see the 
appaiatus and have it explained to her and, in a few cases, to make a pre- 
hminaiy tual Later, when the experiments had become a topic of geneial 
conversation among the students and assuiances from foimer subjects were 
abundant that theie was no occasion for alarm, the piehmmary meeting was 
dispensed with, with no appaient effect on the success of the expeiiment 

Menstiual days wore avoided in all the measurements but a lecoid was 
kept of the time of piecedmg menstrual period and a special study may be 
made latei of the influence of this factor The subjects came to- the laboratory 
at 7 a m , without choti-hazn and 12 hours after the last meal and lay on a 
bed for at least a half-hour, during which time room and mouth tempeiatuies 
weie taken, and data regarding the subject’s personal histoiy were collected 
Both foi the convenience’ of the opeiator and to avoid any possible distuibance 
of an exciting natuie during the experiments, heart rates w^ere taken with a 
stethoscope which w T as kept m place throughout the experimental penod with 
a long lead to the eai pieces on the operatoi, out of vision of the subject 


(1) We acknowledge with appreciation the assistance of Mr Edward Barnes, Piofe'-sor 
of Chemistn at the Madras Christian College, in making these control expenments 
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It is the geneial feeling of the foieign membeis of the staff at the College 
that Indian students aie moie excitable undei unusual cncumstances than 
English and Amencan students m western countries Accordingly we had 
anticipated consideiable difficulty m secuung a state of repose on the part of 
our Indian subjects duiing the experiments Conti aiy to expectations, how- 
evei, theie was distinctly less difficulty in this lespect than with the western 
women With few exceptions the Indian women have adjusted themselves to 
the expei iment with the gieatest ease and quiet, the pulse has been steady and 
the lespnation natuial and legulai The lespuation lecoids seemed weie 
satisfactory m all the experiments The figuie shows a typical recoid, with 
shallow, fanly lapid, but quiet and legulai bieathmg The space between 
the two check maiks, when the loutme test foi leaks was being made, 
repiesents a penod of about foui minutes 



Text-figure — Spirometei lecords of the lespirations of a Tamil woman dining tlnee penods 
of measuiement of the oxygen consumption undei basal conditions 
The check maiks on each curve indicate when the height was on the 
spirometei bell to test for leaks 


The experimental periods foi the measurement of the oxygen consumption 
were ten minutes each, and tlnee penods weie run on each of two consecutive 
01 neaily consecutive days In cases wheie any considerable discrepancy 
appeared between the measurements made on two days, the subject came 
again for fuithei tests On the average, the wet bulb theimometei legisteied 
25 C and the diy bulb thermometei 27 °C , with vanations foi the most pait 
of^fiom 2°C to 3°C In a few instances wet bulb tempei atui es as low as 
21 C with dry bulb temperatures from 1°C to 4°C higher were noted, and m 
a few otliei instances diy bulb temperatures as high as 31 5°C occuned with 
vet bulb tempei atures of 25 0°C oi 25 5° C 

Measurements of standing and sitting height, weight, vital capacity, and 

ooc-pressuie weie made usually immediately after the metabolism 
experiments 


Discussion op results ' 

Physical charactenstics of the subjects 

t J“ f , h ! lght ’ weight ’ age ’ sex > physical configuration, and piopor- 
charactZr 6 f * m f uence met abolism, a careful study of the physical 

weieht fwlb f subjects 18 necessar y In Ta ble I are recorded the body 
g (without clothes) of each subject, the standing height (barefoot) the 



Table I. 

Physical chat actenstics of subjects 
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sitting height, and the pehdisi 01 the index of the state of nutrition (computed 
fiom the sitting height and the weight) The subjects have been assigned 
numbeis and the data for each gioup aie given m accordance with increasing 
age 

Age — The subjects range from 17 to 31 years averaging 21 

Weight — The body weights as a whole were slightly low, judging fiom 
western standards, avei aging foi the Tamils 44 9 kg, foi the Malayalis 
45 7 kg , and for the smaller group of Telugus 43 5 kg There is an extra- 
oidmary uniformity m the weights of the different groups, with but few 
exti ernes Thus the heaviest woman is No 26, weighing 67 6 kg, and the 
lightest No 43, weighing 33 4 kg , but for the most part the weights range 
closely around the geneial average figuie of 45 kg For comparison with 
westerners one should consider only the weights of similai age groups For 
purposes of this discussion we may lefei to the weights for age and height 
given m the extensive tables of the Medico-Actuanal Mortality Investiga- 
tion (1) and more specifically the adaptation of these weights made by 
Joslm(2) Accoidmg to Joslm’s adaptation of these data the average American 
woman having the same age and height as the average of our group of Tamils, 
namely 21 yeai* and 154 cm , would weigh (without clothes) 48 5 kg The 
average weight of our group of Tamils is 44 9 kg or 3 6 kg less Thus, this 
gioup of Tamils and similarly the other groups on the average would seem to 
be slightly underweight for height and age when compared to American 
standards It would therefore seem necessary m discussing weight to take 
into consideration also the height and especially the sitting height 

Sitting height — The sitting heights of our subjects were actually measured 
m every instance It is commonly assumed that the sitting height, when 
measuied m accordance with all precautions especially emphasized by 
Dreyer(3), represents, with westerners at least, one-half of the total height 


(1) Medico-Actuarial Mortality Investigation, compiled and published by Assoc Life 
Insurance Medical Directors and The Actuarial Society of America, New York, 1912, 
Table IX, p 67 

(2) Joslin, E P, ‘Treatment, of Diabetes Mellitus,’ New York, 1928, 4th ed , p 967, 
ibid , ‘ A diabetic manual for the mutual use of doctor and patient,’ Philadelphia and 
New York, 1919, 2nd ed , Table XXXVII, p 116 

(3) Dreter (See Dretfr, G, and Hanson, G F, ‘The assessment of physical fitness,’ 
New York, 1921, pp 5 and 6) states that the subject should sit on the floor and not hang 
the legs oi er a chair or bench He specifies that the measurements should be made as 
follows ‘The subject places the backs of the fingers upon the platform on which he sits, 
and, with the fingers pointing backwards and the kneed flexed, lifts the lower portion of the 
bodv gently backwards until the lowest bony portion of the os sacrum is in contact with 
the front of the measuring standard The back is then straightened until the back of the 
head comes into contact with the standard It will be found that different persons require 
to bend the knees in different degrees m order to achieve this position The head should 
be tilted neither up nor down and the ej es should look straight forward The measurement 
thus obtained gi\ es the distance between the l'ehial tuberosities and the top of the head ’ 
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plus 5 cm With the Tamils one-half of the aveiage total height would be 
77 cm and the actually measured sitting height is, on the aveiage, only a 
little ovei 1 cm greatei Much the same pictuie is shown by the other groups 
It would thus appear as if, judged from these measurements alone, these Indian 
women have lelatively shoitei stem lengths and longei legs than westerners 

Pelidisi — The connection between the state of nutrition and the vital 
activity oi the metabolism of an individual is so close that with any group 
or lace of people being studied one should secure the best possible index of the 
1 s tate of nutrition ’ Of the various indices of the state of nutrition m use, 
the one that the Nutrition Laboiatoiy has found most satisfactory for western 
subjects at least is the pelidisi, ongmated by the late Piofessoi Clemens 
Pirquet of Vienna The pelidisi is the jelationship between the sitting height 
and the weight, expressed by the following formula the cube root of ten 
times the weight m grammes divided by the sitting height m centimetres Foi 
westerners Pirquet has made an elaborate study of the pelidisi and has pie- 
pared a series of tables from which, knowing the sitting height and the weight, 
one can derive the pelidisi directly (1) In his original piepaiation of the 
material Pirquet assumed that for small children a pelidisi of 100 lepresents 
the ideal It has since been found that foi adults a value somewhat less than 
this, probably nearer 97 oi 98, lepresents the noimal state of nutation What- 
evei opinion one has with legard to the quantitative significance of the pelidisi, 
one can assume with westemeis at least that a pelidisi aiound 90 lepiesents a 
distinctly low state of nutrition and that a pelidisi ovei 100 (sometimes values 
as high as 112 and 113 have been found) usually lepresents a fat person We 
x have found this index extremely helpful m the interpretation of the configura- 
tion of individuals 

It is of intei est to determine whether the pelidisi can be used propeily as 
an index of the state of nutrition of Indian women and compaied with the 
pelidisi as found with normal western women The aveiage pelidisi of the 
103 western women studied by Harris and Benedict is 96 As will be seen from 
Table I, the average pelidisi of oui gioup of Tamils is 98, with individual 
variations ranging fiom a minimum of 90 with subject No 24 to a maximum 
of 112 with subject No 26 With the Malayalis the aveiage pelidisi is 97, but 
the minimum is as low as 87 m the case of subject No 43 and the maximum 
is only 105 with subject No 35 The values foi the Telugus and the other 
gioups he closely aiound the aveiage of 97 With the Tamils there is no 
instance of a pelidisi below 90, only one value of 90 and one of 91 There 
me three values of 92, two of 94, and two of 95 The rest aie all higher 
u-om this evidence alone, therefoie, one could not conclude that these women 
^ere appieciably under-nourished The aveiage pelidisi of 98 would indicate 


I BCT,ln> Vo,S (also ZeiUch, 

PWaddphul and Loadon, 1922, 0U ‘ h “ °‘ * he ^ net s »' sle “ -utnhm,' 
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a normal individual, although the average weight of the gioup of Tamils as 
a whole is neaily 4 kg less than the standard foi western women of the 
same age and height ( see above) Among the Malayalis there is one 
instance (subject No 43) of a pelidisi of 87 Theie is no question but that 
this woman was veiy much undei -nourished Hei body weight was very small 
but hei height was nearly up to the average and hei sitting height a little 
lnghei than the average This is the only subject in the entne series of Indian 
women who has a pelidisi undei 90 There are, however, among this gioup 
of Malayalis two subjects with pelidisi of 93 and one subject with a pelidisi 
of 92 None of the Telugus, the Coorgs, oi the Kanarese would, fiom the 
pelidisi alone, be judged as having a low state of nutrition, with the possible 
exception of subject No 46 with a pelidisi of 93, and even here there would be 
only a model ate degree of under-nutution if the pelidisi is applied as an index 
It is highly improbable, therefore, even when the shoitei stem length is taken 
into account, that we aie dealing here, except in one instance, with any cases 
of distinct under-nourishment 

Physiological measuiements on Indian women 

Three physiological factors have been studied foi all subjects, pulse late, 
lespiration rate, and especially the oxygen consumption The lesults of these 
measuiements aie recorded in Table II, grouped by lace and increasing age, 
as m Table I In Table II the results aie all expiessed m values per minute, 
and each value m the table represents the average for a given day, based upon 
two, usually thiee, oi not infrequently four(l) well-agreeing periods of 
measuiement foi the day With all except one subject (No 34) observations 
were made on at least two days, usually within a few days of each othei and 
always inside of a month Hence we have recoided in the date column only 
the month and year of the measurements In some instances, as for example, 
with subject No 3, experiments were made on four separate days, and with 
subject No 11 on six days 

Mouth temperature — In accoi dance with the custom of the Nutrition 
Laboiatory, the mouth temperature of each subject was taken just pnor to 
each experiment, with the object of ruling out any distinctly febule condition 
In the majonty of cases the mouth temperature was well within noimal limits, 
showing no tendency to be predommently low or high In the only two 
instances where febrile temperatures were found the metabolism measuiements 
have not been used 

Pulse late — The giand aveiage of the pulse lates of the Tamils is 69 beats 
pei minute, of the Malayalis 64 beats, and of the fewer Telugus 72 beats The 
aveiage for all subjects, including the Coorgs and Kanarese, is 68 beats In 
the series of values shown m Table II the second pulse rate is on a later day 


(1) Du Bois ( Journal oj Xulntton, 1930, 3, p 220) rightly objects to the use of a 
single minimum ■value 



87 


Elecinoi B. Mason and Fiancis G. Benedict. 

than the fiist It may have been detei mined two, fom, or even more days 
later The pulse late on the second day is highei almost as often as it is lower 
Specifically high pulse rates, that is, 80 01 above, are noted with subjects 
Nos 3, 27, 41, 50, and 52 The only very low pulse late is that for subject 
No 30, a Malayah with a late of 48 beats on two days Ideally a comparison 
of the pulse lates of these Indian women with the pulse lates of western women 
should be made on the same age basis The average pulse late of 90 Amencan 
women (aveiage age 30 years) studied by Hams and Benedict (1) is 69 beats 
pei minute This is essentially the same as the grand average for all of our 
Indian women Hence the pulse rates of these Indian women aie not signi- 
ficantly different from those of western women 

Respnation i ate —The lespnation late, as studied with the type of les- 
pnation apparatus employed m this leseaich, is always subject to a possible 
influence of the mouthpiece breathing- appliance The experience of the 
Nutrition Laboratory has been that usually the introduction of the mouthpiece 
has a tendency automatically to lowei somewhat the respiration late The 
giand aveiages of the respnation lates foi the thiee mam gioups of Indian 
women aie 19, 20, "and 17 for the Tamils, the Malayalis, and the Telugus, 
respectively An inspection of the data, howevei, shows widely different 
values Thus, the highest rate is 34 respuations pei minute with subject 
No 40 and the lowest is 10 with subject No 30 There is altogether too little 
lecoided evidence on the lespnation late of western women measuied when 
the subject was bieathmg thiough a mouthpiece, to enable a comparison with 
these Indian women But the fact that 21 western women whom we have 
measuied m Madras undei the same condition as the Indian subjects show 
an average late of 14 respirations pei minute with a maximum of 19 and a 
minimum of 8 is strongly suggestive of a significant difference" With the 
majority of the Indian women the respuations were veiy shallow Figure 1 
shows a typical record foi a Tamil, wheie the use and fall of the spirometei 
with each respnation is about 10 mm , repiesentmg a tidal an of about 213 e c 
It seems piobable that the more lapid rate with the Indians is m the nature 
of a compensation for the small amount of an taken m with each breath In 
geneial the respirations of the western women measured m Madras aie 
appreciably deeper than those of South Indian w r omen 

Oxygen consumption-— From the standpoint of studying racial metabolism 
the most important factoi was the measurement of the oxygen consumption, 
winch is taken as the direct index of the basal metabolism or the level of vital 
activity The oxygen consumption was measured with every care, and the 
wdues on the different days usually agree well with each other’ Subject 
0 11 18 a stnkm S exception, howevei, for hex oxygen consumption vanes 


T i f 1 \® uaB8 * J A . and Benedict, P G , Carnegie Inst 
iable XV, p 66 
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Pulse late, i espiration rate, and oxygen consumption oj Indian women under basal conditions 
(Values per minute ) 
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consideiably The average oxygen consumption of the three laigest groups 
of Indian women is 150, 151 and 148 cc pei minute respectively The lange 
m the values foi the diffeient sublets is considerable Thus, the minimum 
value among the Tamils is 129 c c with subject No 14 The maximum value 
is 185 c c with subject No 26 Among the Malayalis the minimum value is 
120 c c with subject No 36 and the maximum value is 173 c c with subject 

No 31 It is mteiestmg to note that subject No 30, who has the lowest pulse 

late and the lowest lespnation late, has an oxygen consumption consideiably 
highei than the aveiage foi this gioup Among the Telugus the giand aveiage 
is 148 cc, the minimum is 140 cc with subject No 46, and the maximum is 

155 c c with subject No 47 The few data foi the Cooig and the Kanaiese 

show essentially the same geneial pictuie noted with the thiee mam gioups 

One of the best indices as to whethei the measured metabolism may be 
consideied basal and not unduly affected by the physical state of the subjects 
or their unfannhanty with the appaiatus is the agi cement of lesults on two 
ncaily consecutive davs On examining the figuies m Table II we find that 
frequently the lowei value occuis on the second day and yet by no means 
consistently enough to indicate that it is a legulai lule, for frequently the 
higher value appeals on the second day In geneial the values aie sufficiently 
neai each othei foi us to believe that the expenments weie made without an 
undue amount of appiehension oi difficulty on the pait of the subjects and 
that we have a true index of the basal metabolism of these individuals existing 
at the time of measurement The thud and fouitli senes of measui ements on 
Nos 13, 14, 31, and 32, made at an mteival of seveial months aftei the eailiei 
measui ements and checking them lemaikably closely, furnish furthei evidence 
that om lesults piobably lepiesent as close an appioximation to the tiue basal 
metabolism of these women as has been detei mined with any senes of women 
studied undei like conditions foi the same length of time 

The aveiage oxygen consumption pei minute of these Indian women 
is not fai fiom 150 cc The aveiage oxygen consumption of 103 
Aniencan women studied by Hams and Benedict (1) was 194 cc pei minute 
But the Amencan women were on the average nearly 10 oi 11 kg heaviei and 
about 8 cm taller than our Indian subjects, and it is not justifiable to make 
a direct comparison of the oxygen consumption of these two laces without a 
cntical analysis of the i elation of this factoi to body size 

Total heat pioduction — The basal heat production was computed in all 
cases fiom the oxygen measurement pei minute, as shown m Table III, using 
foi each voman an aveiage of all the oxygen measui ements obtained with 
her on chffeient days This means that in the majority of instances the values 
for two days were aveiaged In others values for as many as foui days, and 


(1) Harris, J A , and Blxedict, F G , Carnegie Insl Wash Pub No 279, 1919, Table D, 
pp 44-47 
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Table III 

Companson of aveiage basal metabolism of Indian women with standards of 
Hams and Benedict, and Aub and Du Bois 
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Table III — contd 
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-25 2 

29 

3 

6 

148 

1,028 

693 

-17 9 

-27 8 

30 

2 

6 

162 

1,126 

774 

-102 

-19 4 

31 

3 

8 

170 

1,181 

870 

-5 3 

-4 6 

32 

1 

8 

137 

952 

661 

—23 8 

-28 7 

33 

2 

6 

158 

1,098 

777 

-12 4 

-14 9 

34 

i 

i 

164 

1,139 

764 

-8 9 

-14 0 

33 

2 

G 

158 

1,098 

814 

-12 2 

-8 4 

36 

2 

7 

121 

841 

650 

-33 0 

-26 9 

37 

2 

4 

147 

1,021 

727 

-18 6 

-20 4 

38 

2 

0 

J54 

1,070 

706 

-14 7 

-20 6 

39 

2 

6 

158 

1,098 

766 

-16 2 

-13 8 

40 

3 

9 

164 

1,070 

762 

-16 5 

-14 1 

41 

2 

6 

166 

1,084 

704 

-17 8 

-20 8 

42 

2 

6 


1,007 

674 

-23 2 

-241 

43 

2 

6 


896 

741 

-21 1 

-166 

44 

2 

0 


1,098 

814 

-9 2 

-8 4 

Average 



151 

1,052 

742 

-16 1 

-18 2 

Telugus 








43 

2 

4 

162 

1,056 

810 

-15 8 


46 

o 

6 

143 

994 

739 

-195 


47 

2 

6 

155 

1,077 

746 

-16 4 


48 

2 

6 

147 

1,021 

717 

—20 6 


49 

2 

5 

151 

1,049 

766 



50 

3 

10 

144 

1,001 

735 



Average 



148 

m 

762 

-17 8 

-15 8 
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Numbfr or 
experimental 

0 2 per 
minute 

o c 

Heat production 
PFR 24 HOURS 

Diviation 1ROM 
STANDARD Or 

Subject 

number 

Days 

Periods 

Total 

cal 

Per sq m 

cal 

Nutation 

Laboratory 

per cent 

Aub- 
Du Bois 

per cent 

Coocgs 

51 

3 ! 

7 

131 

1,051 

735 

-15 9 

-19 4 

52 

2 

3 

157 

1,0S8 

783 

-13 9 

-119 

Kanarose 

53 

2 

6 

151 

1,049 

783 

-16 1 

-18 5 

54 

2 

6 

151 

1,046 

713 

-19 4 

-19 9 


in one case six days An average respiratory quotient of 0 82 was assumed (1), 
and the total heat 'pioduction pei 24 horns was detei mined directly fipm the 
average oxygen consumption pei minute, according to calculations published 
by Carpentei(2) On the aveiage, the calculated total 24-houi basal heat 
production of the tlnee mam groups of subjects is 1,048, 1,052 and 1,033 
calories, respectively, and the grand average is 1,050 calories 

Heat production per squat e meter of body swface — A standaid of com- 
parison commonly accepted by physiologists is that of the heat production per 
square meter of surface area pei 24 hours Since companion of the heat 
production per unit of surface area shows essentially the same pictuie as do 
comparisons upon other bases, this standard may be as well used here as any 
other We have accordingly divided the total heat production of each subject 
by her surface aiea These areas were not measured but, with the use of the 
height and weight measurements, were computed from the Du Bois chart (3), 
which has been shown to give satisfaetoiy results The heat production per 
square metei of body suiface per 24 houis is distinctly low, averaging 753| 
calories foi the Tamils, 742 calories for the Malayalis, and 752 calones foi 
the few Telugus The heat pioduction of 103 western women studied by 


(1) In this connection it is interesting to note that Mukherjfe and Gupta (1931), 
Ind Jour Med, Res, 18 , 3, p 807, found the aieiage respiratory quotient of 18 Bengali 
men to be 084 The diet of the Bengalis is essentially similar to that of the Madinsis 

(2) Carpenter, T M , Carnegie Inst Wash Pub No 303A, 1924, Table XIV, p 105 

(3) Du Bois, D , and Du Bois, E F , Aich Intern Med , 1916, 17 , p 865 It has been 
shown by Waddell, S S, Han, C H , and Ch’en, Y P ( Chinese Jour Physiol, 1928, 
report Series No 1, p 25), that the error in the application of the Du Bois height-weight 

ormula to the estimation of the surface area of Chinese adults is little, if any, greater than 
subjects It may be assumed, therefoie, until proved to the contiaiy, that 

Du Bois height-weight formula and chart mav be used with justification in the case of 
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The Basal Metabolism of South Indian Women 


Hams and Benedict averaged 850 calories pei square meter of body surface 
per 24 liouis 

Companson of basal metabolism of Indian women with western piediction 
standards —Although the aveiage heat production of women of the American 
series is 850 calones per square metei of surface area per 24 houis, no one 
standard can be applied to all women Hence we have compared the basal 
metabolism of oui individual subjects with two commonly accepted standaids 
for western women, one the Harns-Benedict predictions for women (1) 
and the other the Aub and Du Bois predictions (2) Since the Harns-Benedict 
piedictions are applicable m the case of women only for ages of 21 years 
and above, foi ages below 21 yeais (and many of our subjects weie 
undei 21 yeais) we have accepted the prediction of 1,250 calories as 
the probable total heat pioduction pei 24 hours This average value is 
based upon measurements made by the Nutrition Laboratoiy upon groups 
of Girl Scouts, langmg in age from 12 to 18 years, with whom it was 
found that the total 24-houi basal heat production in all cases was 
close to 1,250 calones, mespective of age, weight, or height(3) Since 
this aveiage value of 1,250 calories was obtained m experiments when 
the Gill Scouts were asleep at night, it is a low rather than a high standard 
The Aub and Du Bois predictions for women, which are applicable to girls as 
young as 14 years, aie based upon a deduction of 7 per cent fiom their 
standards for males Since the Aub and Du Bois predictions were drawn in 
veiy laige part from the Nutrition Laboratory series of basal measurements on 
humans, it is not sui prising that their series of predictions are essentially the 
same as the Harns-Benedict series 

The percentage deviations of the actually measured basal heat production 
of oui Indian subjects from the standards of the Nutrition Laboratory and 
those of Aub and Du Bois are given in Table III In all cases the values are 
minus The largest deviation from the Nutntion Laboratoiy piediction among 
the Tamils is with subject No 14, -29 8 pei cent There aie seven values of 


(1) Harris, J A, and Benedict, F G, Carnegie Inst Wash Pub No 279, 1919, 
Tables III and IV, pp 260, et seq , lepnnted by Cakpfnter, T M, Carnegie Inst Wash 
Pub No 303A, 1924, Tables XXVI and XXVII, pp 116, et seq , by Grate, E , Die Pathol 
Physiol d Gesamtstoff-u Krajtwechsels bei dei Ernahnmg d Menschen Munich, 1923, 
Tables I to IV, pp 488-499 , by Benedict, F G, Abderhalden’s Handb d biolog Arbeits- 
methoden, 1924, Abt IV, Teil 10, Tables XXI to XXIV, pp 657-674 Predictions based 
upon the Harris-Benfdict data are also given by Kestnth, O , and Knippinq, H W , 
Die Ernahrung d Menschen, 2nd ed , Berlin, 1926, pp 5, el seq , Knipping, H W , and 
Ron a, P , PrakUkum dcr physiol Chenne, III, Stoffwechsel v EnergiewecMel, Berlin, 1928, 
pp 56, et seq 

(2) Aub, J C, and Do Bois, E F, Arch Intern Med, 1917, 19 , p 831 

(3) Benedict F G, and Hendra M F Boston Med and Surg Jour, 1921, 184 , 
pp 217, 257 282, 297, and 329, Benedict, F G, Hendra, M F, and Baker, M L, Proc 
Nat Acad Set , 1921, 7 , p 10, Benedict, F G, Boston Med and Surg Jour, 1923, 188 , 
p 127 
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-20 pei cent 01 moie, that is, these seven women have a metabolism 20 pei 
cent oi moie lowei than the Nutntion Laboiatoiy standards foi young girls 
or the Hains and Benedict standaids for women ovei 21 yeais With the Aub 
and Du Bois piedietions the values aie somewhat different The greatest 
deviation is with the same subject noted befoie (No 14) with -27 9 per cent 
and tlieie are foui subjects that aie 20 pei cent oi more lower than the Aub 
and Du Bois piediction On the aveiage, the 27 Tamils have a basal meta- 
bolism 17 4 pei cent below the Nutntion Laboiatoiy standaid and 16 8 per 
cent below the Aub and Du Bois standaid The whole pictuie therefoie is 
of a veiy low metabolism The agieement between the aveiage deviations fiom 
the two standards is a stnkmg demonstration of the fact that in general the 
two types of prediction lun closely togethei Theie are a few cases wheie 
theie is a considerable diffeience, but with most of the Tamils the peicentage 
deviations by the two standards agiee within 2 or 3 pei cent, oi bettei 

Among the 17 Malayahs the gieatest deviation from the Nutntion 
Laboiatory piedietions is with subject No 36, -33 pei cent, and theie are four 
subjects whose metabolism is moie than 20 per cent below The average 
deviation for the gioup is -16 1 per cent By the Aub and Du Bois predic- 
tions the lowest metabolism is that of subject No 32, who shows a deviation 
of -28 7 pei cent, and theie are eight subjects whose metabolism is 20 pei cent 
or more below this standard The Telugus and subjects Nos 51 to 54 show 
much the same picture, for all of the deviations fiom both standards aie minus 
and they average not fai fiom 16 to 18 per cent 

In general the metabolism of all the groups on either basis of prediction 
aveiages from 16 to 18 per cent below the standards foi noimal western women, 
with a large number of subjects more than 20 per cent below the standards 
and with seven of fifty-foui presumably healthy women 25 per cent oi moie 
below the western standards All of this speaks for a very low metabolism 
with these Indian women It must be emphasized again that we aie not 
dealing with hospital subjects nor with ‘ hospital normals ’ or convalescents, 
but with presumably healthy, normal Indian w T omen engaged m study or in 
teaching m a college 

Although the general pictuie is of a very low metabolism, it is impoitant 
to note moie specifically those cases that are 25 per cent or more below the 
western standards and to examine the characteristics of the individuals 
themselves Thus, among the Tamils the first subject with this low metabolism 
is subject No 13 Reference to Table I shows that No 13 is 20 years of age, 
with a low body weight, 38 1 kg , neaily the lowest of the senes, with a height 
a little less than the aveiage, and with a pelidisi of 97, which is normal In 
other woids, theie is nothing particulaily significant m the general physical 
characteristics of this girl to explain hei veiy low metabolism The next m 
tire senes re No 14 with a metabolism 29 8 pei cent below tile Nutrition 
Laboratoiy standaid and 27 9 pe, cent below the Aub and Du Bore standard 
Tins subject has a body-weight a little above the average tor her group, a 
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height only 1 cm below the average, and a pelidisi of 101 Here again, no 
paiticular leason foi this exceedingly low metabolism can be denved from the 
configuration oi the general physical make-up of this gill The next case in 
the senes is No 16 with deviations of -26 5 and -23 0 pei cent The physical 
chaiactenstics of this girl again show nothing abnoimal The body-weight is 
a little low, but there is a conespondmgly low height and a pelidisi of 99 
Among the Malayahs, subjects Nos 28 and 29 both show deviations from the 
Aub and Du Bois predictions gieatei than 25 per cent Both of these gills 
weighed moie than the aveiage foi then gioup and weie a little taller than the 
aveiage Their pelidisi weie 99 and 98, respectively Subject No 32 has a 
value of -28 7 per cent by the Aub and Du Bois piedictions This subject 
has a bod} 7 ' weight of 45 4 kg and a height of 159 cm , with a pelidisi of 99, 
oi the aveiage build foi this gioup Subject No 36 has an exti aordmarily 
low metabolism, 33 per cent below the Nutrition Laboratoiy prediction standard 
and 26 9 pei cent below the Aub and Du Bois standard She has a low body- 
weight, indeed the next to the lowest m the series of Malayahs Hei height 
is nearly the same as the average, but hei pelidisi is 92, the first indication of 
a low state of nutrition An explanation m part for the low metabolism of 
subject No 36 therefoie might be that she was distinctly under-nourished An 
analysis ol the physical chaiactenstics of those subjects having deviations of 
between -20 and -25 pei cent shows essentially the same pictuie as that with 
the subjects 25 per cent below the standards 

General considerations on the low metabolism op the Indian women 

The low values noted with these Indian women are not readily explainable 
by diffeiences m configui ation or evidences of under-nutrition, but they are so 
low as to lead one to conjecture as to what are the probable causes The first 
cause that suggests itself is that we have to deal here with a real racial diffei- 
ence, which seems to be stnkmgly indicated in the case of the Chinese and 
Japanese women studied in North American colleges It is believed now that 
the Aub and Du Bois piedictions and the Nutntion Laboratoiy predictions are 
probably a little too high foi women and that they should be lowered approxi- 
mately 5 per centfl) If this coirection is applied, the basal metabolism of 
these Indian women would be on the average from 11 to 13 per cent below 
the western standaid«, with a considerable number of subjects still showing 
values 20 per cent or moie below, even after the correction is applied 

Of the possible factois affecting metabolism there are, outside of the 
endogenous factor of lacial metabolism, othei endogenous factors, among them 
a low piotem metabolism due eithei to low piotem intake or to low protein 


(1) M\cLeod, G, Crofts, E E, and Bfxfdict, F G, Amer lour Physiol, 1925, 73, 
p 462, ibid , Proc Nat Acad Sci , 1925, 11, p 343, Benfdict, F G, Amer Jour Physiol, 
192S, 86 , p 619 
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absorption (1) This factor of the protein metabolism is being studied by us 
The leaction to ingested piotem, 01 the specific dynamic action of protein 
should be studied, to deteimme whethei individuals with such a low metabolism 
show any diffeient reaction fiom that of individuals with a highei metabolism 
Exogenous factois aie climate, tempeiatuie, and humidity Recoids concern- 
ing "these are being secuied m all of om expenments and will be analysed 
subsequently Finally, theie is the possibility that Onentals as a whole have 
a gi eater degree of relaxation and lepose duung lest than have the westerners 
It is conceivable that the Onentals can assume dui mg lepose a position of 
complete relaxation whereas with the westemeis theie may be some nervous 
tension, even though slight It is our belief that this factor of relaxation could 
best be studied with the vanous laces during noimal sleep It has been found 
that with westemeis sleep lowers the metabolism approximately 10 per cent. 
The question arises Will noimal sleep materially lower the basal metabolism 
of these Oriental women, who already have such a low metabolism? Studies 
of the metabolism during sleep are m piogiess 

The results repoited here aie of value alone as establishing standards for 
Indian women foi use m physiological laboi atones and hospitals m India 
We believe that there is definite evidence of a lacial factoi That this factor 
will explain entirely the low metabolism we are not at all sure When the 
factors of protein ingestion and absorption, degiee of muscular lepose, and 
climate aie more thoroughly studied, we shall be in a much bettei position to 
secure a complete explanation of this extiaordmanly low metabolism 


Summary 


The basal metabolism of 54 women (Tamils, Malayalis, Telugus, Coorgs, 
and Kanarese) in South India, of ages langmg from 17 to 31 years, has been 
measuied with the Benedict poi table apparatus, supplemented by graphic 
records The average wet-bulb room temperature was 25°C , dry bulb 27°C , 
with slight vanations from the mean thiough the yeai 


No significant differences between the various groups of Indians appear in 
any of the measuiements made The body weights of the subjects are low 
compai ed with standards for westerners The average weight is 45 kg , with 
a range of from 33 4 to 67 6 kg The standing heights aie also low by western 
standards, averaging 154 cm and langmg from 145 to 167 cm Actually 
meamied sitting heights average about 4 cm less than the calculated sitting 
heights (one-half the standing height plus 5 cm ) and indicate that these 
subjects have relatively shorter stem lengths and longer legs than westerners 
The state of nutrition, as indicated by the pelidisi, is normal and compares 
faiourably with the pelidisi of noimal western women 


Mc0 '" ' atte f,C *° r m the » robl “> nutrition m India are 

Pr ° tC "‘ d '"‘ rat “ **"■* *«* *«*r apks, London and 
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The pulse lates are not significantly diffeient from those of western women, 
langmg fiom 48 to 83 beats per minute and avei aging 68 beats Although the 
difficulty of getting normal respnation lates with mouthpiece breathing appli- 
ances is lecognized, the findings stiongly suggest that the respiration rate is 
highei in Indian women than m western women living m India This higher 
late, avei aging 19 respnations pei minute, is coincident with veiy shallow 
breathing 

The oxygen consumption per minute avei ages 150 cc and vanes from 
120 to 185 c c The average peicentage deviation of the basal heat production 
fiom the Harns-Benedict standards is -16 9 per cent with vanations of from 
-5 3 to -33 0 pei cent The average deviation from the Aub and Du Bois 
standards is -17 2 per cent, varying from -4 6 to -28 7 per cent 

Probable factois to explain this very low metabolism of South Indian 
women aie suggested Theie is evidence that there is a definite racial factor 
Other possible causes aie (1) a low piotem metabolism, (2) tropical conditions 
of climate, and (3) a state of relaxation during lepose as complete as that 
which is found dunng sleep among westerneis Fuithei woik is m pi ogress 
along these tlnee lines 
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A number of specimens of Phlebotomus weie collected duung a visit to 
Siam m December 1930 As theie seems to be no previous mention of the 
occuuence of Phlebotomus m this country, these seem worthy of lecoid, more 
especially as two females of P stantoni weie obtained 

In Bangkok sandflies seemed very laie at this time of the yeai and only 
5 specimens were captuied (P stantoni, 2 9 9 , P bailyi var campester, 
2 2 9 , 1 ) On a tram journey from Bangkok to Clnengmai m Noithem 

Siam, numeious sandflies weie collected neai the electric lights m the tram and 
these all pioved to be P squamvpleuns (7 9 9 , 33 & <7 ) 

Phlebotomus stantoni was ongmally descubed by Newstead (1914) from 
one female specimen collected at Kuala Lumpur, Fedeiated Malay States 
(15 vi 14) Since that time no othei specimens seem to have been lecoided 
The ongmal desenption of this specimen was brief and left consideiable un- 
ceitamty as to whether it was identical with P ar gentry es Ann and Brun , 
1908 (Smton, 1923, 1928) An examination of the two Siamese specimens 
leaves no doubt that the two species are distinct A moie complete descup- 
tion of P stantoni ( 2 ) is theiefore given below The male is unknown 


Phlebotomus stantoni Newstead, 1914 

The oiigmal desenption given by Newstead (1914) was as follows — 
6 -—Length, 2-1 mm Wing, 1*9 mm 
9 — Unknown 


A medium-sired species distinguishable by the silvery grey, recumbent hairs on the 
lenter of the abdomen, m the palpi, by the unusuallv sboit 4th segment, and the relatively 
dmrt terminal segment, by the wheel of long hair-like scales on the 2nd segment of the 
antennai , and also b> the scales on the tarsi being arranged m broad distinct bands 

( 99 ) 
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P stantoni and other Siamese Sandflies 


Abdominal hairs more or less erect dorsally, and arranged in indefinite tufts, those of 
the venter recumbent and silvery grey, standing out m marked contrast to those on the 
dorsum, which aie faintly mfuscated Legs tarsi clothed with dull silvery scales arranged 
in complete and well defined bands or zones, when mounted in balsam and examined m 
optical section the airangement of the scales is seen to be strikingly charactei istic, but it 
is curious to note that the integument in the inter-zonal spaces is covered with cicatrices, 
though there is no trace of either scales 01 haiis aiismg fiom any of them Antennae with 
gemculated spines on all the segments of the flagellum, with the exception of the terminal 
one, le, 3rd-15th inclusive, these for the most pait at least are of great length, the tips 
reaching nearly to the bases of the spines on the succeeding segment, 2nd segment (scape) 
with a single verticel of long stout han-like scales, 3rd segment long, the tip reaching 
almost to the tip of the proboscis, hairs relatively long and stout, and the smaller segments 
of the flagella rather densely clothed with them , sensorm on the terminal segments with a 
few rather conspicuous hairs Palpi rather short and slender, 3rd and oth segments the 
longest and about equal m length, 4th unusually short, being a little more than half the 
length of the 2nd, formula, 1, 4, 2 (3, 5) Wings with the 1st longitudinal vein terminating 
well m advance of the anterior branch of the 2nd, anterior branch of the 2nd longitudinal 
vein one and a half times as long as the distance between the two forks, no further 
particulars can be given, as the maigins of both wings are crumpled 

Federated Malat States Kuala Lumpur, 1 $ (type), 15 vi 14 (Dr A T Stanton) 


Phlebotomus stantoni ( 9 ) 

The two specimens heie described weie only discovered after very 
prolonged and careful daily searches One specimen was captured m a bedroom 
and the other m a bathroom m the Phya Thai Hotel, Bangkok, Siam, between 
5th and 12th December, 1930 Although the electric lights were burning 
brightly, the insects did not seem to be attracted to their immediate vicinity 
One other female specimen was seen but no males 

Through the kindness of Piofessor It Newstead, frs, I had an oppor- 
tunity m 1926 of seeing the type specimen of this species Unfortunately the 
specimen had been crushed since the original description "was made, but some 
rough measurements were made by me and these are given in Table I for 
comparison with the Siamese specimens 


Appearance of dry specimens from Siam 

The species is a medium-sized one, belonging to the erect-haired group 
Its general appearance was dark brown, but the sides of the thorax looked a 
yellowish orange colour The eyes weie black The abdominal hairs were 
abundant All those on the doisum were markedly erect and inclined to be 
tufted The ventral hairs were very recumbent The colour of the dorsal 
hans was very dark brown, while those on the venter were slightly lighter m 
colour, as -weie also those on the dorsum of the thorax The integument of 
the abdomen and the dorsum of the thorax was dark brown, almost black, 
■while the sides of the thorax, as well as the coxae and trochanters, w r ere honey- 
coloured The wings showed a bluish-golden iridescence and w r eie covered 
with greyish brown bans The halteres had black tips The legs looked very 
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dark grey m some lights but by reflected light were silvery The scales on 
the tarsi showed a maiked banding The antennae and palps were grey 


Appeal ance in stained and mounted specimens 
The measuiements and latios of the type and the two Siamese specimens 
aie shown m Table I 

The average total length of the insect was 2 5 mm (2 4-2 67 mm ) 

The buccal cavity (Plate II, fig 5) shows a low of two large teeth and 
seveial small ones m its antenor pait, which is diffeient from the row of 
4 to 6 equal medium-sized teeth seen m P argentipes (c/ Chnstopheis, Shoitt 
and Banaud, 1926, Plate XXII, fig 30) No pigmented aiea is present 

The phaiyna (Plate II, fig 4) is markedly dilated postenorly Its length 
is about 2 3 times its gieatest breadth, while the width of the narrow antenor 
poition is about 2 4 times this breadth The ai mature m its posterior portion 
consists of a series of low transveise ridges with minute spines on then free 
edges Antenor to these the ndges become moie conspicuous but do not cany 
spines In the middle line antenorly the armatuie consists of a number of 
pointed teeth which blend with the ridges lateially The ai mature lesembles 
that of P aigentipes ( 9 ) but the median teeth aie more numeious, longei 
and moie slendei in P stantoni ( cf Smton and Banaud, 1928, Plate XXIX, 


fig 5) 

The antennae (Plate II, figs 10, 11 and 12) have a total length of more 
than 4 times that of segment III and nearly 6 times that of segments XII to 
XVI Segment III is long, being gieatei than that m P aigentipes Its distal 
end does not extend quite so fai as the tip of the pioboscis The combined 
length of segments III and IV almost equals that of segments XII to XVI 
The antennal formula is 2 over III to XV The geniculated spines are very 
long and extend beyond the intei -segmental aiticulations, while m P aigen- 
tipes they do not do so (c/ Smton, 1925, Plate LIV, figs 3 and 4) 

The palps (Plate II, fig 2) have a formula of 1, 2, 4, 3, 5 and the relative 
lengths of the segments are veiy similai to those m P argentipes Segment 4 
is very short, while segment 3 is approximately equal to the combined length 
of segments 1 and 2 Newstead’s spines are situated on the middle third of 
segment 3 and numbei about 15 on each palp 

The wing (Plate II, fig 1) is about 3 3 times as long as broad There is 
some vanation between the latios of the diffeient parts of the wings on oppo- 
site sides of the same specimen S is comparatively short The pioximal 
folk of the 2nd longitudinal vein is much neaier the base of the wing than 
the foik of the 4tli and the ongm of the 3id vein is closei to the teimmation 
of the subcostal vein than m P aigentipes ( cf Smton, 1925, Plate LIV, fig 1) 
The hind leg is lelatively long 


The female genitalia (Plate II, figs 3, 7, 8 and 9) The spermatheca has 
a . crcnulated outlme as m °thei members of the erect-haned grouu Thm 
structure (Plate II, fig 3) is torpedo-sh aped wi th a tendency to a short neck 
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P stantom and othet Siamese Sandflies 


The crenulations numbei about 14 to 16 and the head is of medium size The 
speimathecal ducts (Plate II, fig 7) quickly unite to form a veiy long com- 
mon duct, which is neaily 4 times as long as that seen m P aigentipcs 
(Plate II, fig 6) The post-genital ndge (Plate II, fig 8) carries two spines 
The furca (Plate II, fig 9) shows a few ill-marked serrations at its base and 
has not the maikedly inverted mnei margins seen in P argentipes (c/ Smton, 
1927a, Plate VII, fig 20) 

Identity of the Siamese specimens 

From the original description given by Newstead (1914) and the very 
close similanty between the measurements, latios, etc, of the type and the 
Siamese insects shown m Table I, there is no doubt that the latter specimens 
aie P stantom Some lough chawmgs made fiom the type specimen support 
this identity 

Differential diagnosis of P stantom ( 2 ) 

The species belongs to the erect-haired gioup and the morphology of the 
spermatheca is distinctly diffeient from that described m any of the othei 
members of this group 

The possibility that P stantom might be the same species as P aigentipes 
was suggested by Smton (1923, 1928) In their geneial appearance the two 
species resemble each other Both species have also somewhat similai wing 
venation, palpal measurements and spermathecse Veiy distinct differences 
however exist as have been tabulated below — 


Structure 

P argentipes ( 2 ) 

P stantom ( 2 ) 

Wing 

Proximal fork of 2nd vein about level with 
fork of 4th 

Fork of 2nd much nearer 
base of wing 


Base of 3rd vein very distant from end of 
subcostal 

Not so distant 


a over 0 averages about 1 9 

About 1 5 

Antenna 

Distal end of 3rd segment does not nearly 
reach tip of proboscis 

Nearly reaches tip 


Gemculated spines short 'and not surpassing 
inter segmental junctions 

Very long and surpassing 
junctions 

Buccal cavity 

With an anterior row of 4-6 teeth all of 
medium size and about equal length 

With tv o large and several 
small teeth 

rharyngeal armature 

With comparatively few stout median teethl 
antenorly 

W itli more numerous long, 
slender teeth 

Female genitalia 

Spermatheca carrot shaped 

Torpedo shaped 


Short common spermathecal duct 

Very long 


Furca with markedly inverted inner margins 
and usually conspicuous basal serrations 

Not so 
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Table I 


Phlebotomus stantoni Newstead, 1914 ( 9 ) 




Length in mms of 



Structure 

specimens number — j 

Remarks, average relative lengths, etc f 

, 


1* 

2t 

3f 



Clypeus and head 

0 480 

0 414 

0 400 



Thorax 

0 650 

0 700 

0 628 


>> 

Abdomen proper 

1 070 

1414 

1400 


r d 

o 

Sup rlasper 

0 200 

0 143 

0 170 


n 

Total length 

2 40 

2 67 

2 60 


A 

HP 

Labium 

0 320 

0 280 

0 280 

r - 20 

£ 

Pharynx, length 


0 195 

0 180 

= 2 3 x breadth 


Pharynx, broadth 

1 

0 084 

i 

0 081 

= 2 4 x narrowest width 


Segment III 

0 287 

0 285 

0 280 

m > iv+v iv=v=vi 


Segment IV 

0 110 

0 108 

0 105 

rv+ v+ vi < xii— xvi m + iv == 





XII-XVI 

fl 

Segment V 

0 110 

0 108 

0 110 

2 

c 

Segment VI 

0 110 

0 110 

0 110 

Formula === 

<1 

Segments XII-XVI 

0 400 

0 417 

0 400 

III — XV 


Total length 

1700 

1 700 

1 643 

=4 1 (4 25)xXII— XVI ,*89(6 9) 






XIII 


Segment 1 

0 040 

0 045 

0 045 

Foimula — 1, 2, 4, 3, 5 


Segment 2 

0 105 

0 105 

0108 

Rel lengtliB 6 2 14 8 20 6 10 28 0 


Segment 3 

0 142 

0 150 

0147 

= 1+2 

*3 

Segment 4 

0 065 

0 072 

0 072 

Hh 

Segment 5 

0 168 

0 195 

0 210 



Total length 

0 520 

0 567 

0 582 

> 


Length 

1 920 

1 970 

1 930 

= 3 2—3 3 (3 27) x breadth, 0 54x 


Breadth 




hind leg 


0 570 

0 600 

0 600 



a 

0 460 



a fi 


0 437 

0 428 

- = 15—16(16) -=118(112) 
a y 


n 

0 280 



a 3 

to 

/■> 

0 270 

0 285 

-=1 76—1 90 (1 80) - = 0 16 — 0 18 
; 7 n 






(0 20) 

& 

y 

0 250 

0 228 i 

0 241 


i 

0 090 

0 080 

0 071 

7=0 76 (0 76) 78 (0 77). 


€ 

0 590 

0 570 

0 570 


e 

0 940 

0 900 

0 900 

7=1 57-1 61 (1 59) = 2 16 


7T 

0100 

0128 

0 128 

(2 04) 

— 
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Table I — conoid 


Structure 

Length in mms. of 
specimens number — 

• 

Remarks, aveiage relative lengths, etc { 

1* 

2| 

3f 

Femur 


0 767 

0 785 

1 

Tibia 


1 271 

1 314 


Tarsus, seg 1 


0 785 

0 843 


Tarsus, segs 2-5 


0 743 

0 757 


Total length 


3 55 

3 70 

(Not including coxa and trochanter ) 

Spermatheca, length 


0 057 

0 060 

= 3 6-3 8 X breadth 

Spermatheca, breadth 


0 016 

0 016 



* Rough measurements made from tjpe specimen in 1926 
t Measurements of two Siamese specimens 

X The ratios in brackets are tlioso of the type specimen for companson 

Fiom the data given above it is evident that P stantoni Newstead, 1914, 
is not synonymous with P argentvpes Ann and Biun , 1908, and must be 
included among the Asiatic species * 

Phlebotomus bailyi vai campestei Sinton, 1931 
Two females and one male of this variety of P bailyi weie collected at the 
same time as the specimens of P stantoni, le, m a bedioom and a bathroom 
at the Pliya Thai Hotel, Bangkok, Siam, between 5th and 12th December, 
1930 This is the fiist lecord of this species outside the Indian Empire 

Phlebotomus squamvpleuris Newstead, 1912 
IVlnle on a lailway journfey from Bangkok to Clnengmai m Northern Siam, 
a number of Phlebotomus were captured m the vicinity of the electnc lights 
m the train This pecuhai attraction of bright light for P squamipleuns has 
alieady been pointed out (Smton, 1927) All the specimens captured proved 
to be this species and were collected m the following places (a) Between 
Paknampoh and Pistnuloke Railway Stations on 14th December, 1930 
(5 2 2 ,23 d 6 ) and (fc>) between Utiadit and Pistnuloke Railway Stations on 
18th December, 1930 (2 2 2 , 10 d 6 ) A sohtaiy specimen of what seemed to 
be this species was observed near a light m a bungalow at Clnengmai on 17th 
December, 1930 


* Since writing the aboi e, Dr C Manalang ha c veiy kindly sent me some specimens of 
P phihppmensts Manalang, 1930 The spermatheca} and pharyngeal armature of this species 
\ ery closelj resemble that of P stantom The former species may be a variety of, if not 
identical with, P stantom This synonomy can be settled when specimens of the male of 
P stantom are available 
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Explanation of Plate II 
Phlebotomus stantom ( ? ) 

Wing 

Palp N - Newstead’s spines 

Spermatheca 

Phaiynx 

Buccal cavity 

Spermathecae and ducts m P aigentvpes 
Spermathecae and ducts in P stantom 
Post-genital plate 

Fuica and termination of common speimathecal duct (S) 
Antennal segments III and IV 
Antennal segments XIV, XV and XVI 
Antennal segments VII and VIII 
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NOTES ON SOME INDIAN SPECIES OF THE GENUS 

PBLEBOTOMUS 

Pari XXIX. 

PHLEBOTOMUS ARBORIS N SP 


BY 

Major J A SINTON, md, d sc , ims 
(. Malana Srnvey of India, Kasauh ) 

[Received for publication, February 27, 1931 ] 

A collection of about fifty Phlebotomus has kindly been given to me 
by Di I M Pun These specimens were obtained on 21st August, 1921, 
from cavities m large trees near the Marianbari Tea Estate in the Darjeeling 
Distuct of the Bengal Terai The majority of these specimens weie P zey~ 
lamcu s and P puni but there weie about 20 males which appealed to be an 
entuely different species Unfortunately no females of the species were 
captuied It is proposed that the name P m bons be given to this new species 

Phlebotomus arbons (<?) 

The colour of the insects was a greyish or yellowish biown, and was 
distinctly lighter than the specimens of P -put n with which they were found 
The integument of the abdomen was dark biown, while the thorax had 
yellowish biown sides with a slightly darlcei doisum The abdominal hairs 
were abundant, maikedly recumbent on the dorsum but luffled on the venter 
Their colour was yellowish biown 'The wings had a golden blue iridescence 
and the hairs weie a dark silvery giey The scales on the legs were a similar 
colour but in some lights had a bluish effulgence The hairs of the antenna 
projected markedly fiom the segments and did not lie close to them as m 
P plan (vide Smton, 1931) The genitalia weie very hauy and the mtro- 
mittent organ was very dark brown, almost black 

( 107 ) 
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Appearances m stained and mounted specimens 

The measurements of the type and thiee co-type males are given m 
Table I, m which the aveiages, latios, etc, of eight specimens are also shown 

The total length was fiom 2 4 to 2 7 mms (av 2 57) 

The buccal cavity (Plate III, fig 5) shows a row of small teeth which 
aie inclined to foim gioups of 3 or 4 The pigmented area is distinct but not 
large It is heait oi goblet-sliaped and m some instances is broken into seveial 
pieces 

The phaiynx (Plate III, fig 6) is not markedly dilated postenoily and 
its greatest width is about 3 times its length The aimatuie consists of a 
senes of slightly cuived transverse ndges with short teeth along then free 
postenoi maigms 

The antennae (Plate III, figs 2, 3, 4, 7 and 8) have single geniculate 
spines on all segments fiom III to XV, these spines are comparatively long 
and those on the terminal segments reach as far as the succeeding inter- 
segmental aiticulations Some of them (Plate III, figs 7 and 8) show a 
small basal projection similai to that desenbed m P pwn (Smton, 1931) 
The antenna is very long and is about 5 times the length of segment III, 
which is as long as the combined length of segments XII to XVI The end 
of segment III passes much beyond the tip of the pioboscis The hau-hke 
scales on the flagellum project more markedly than m P pum 

The palp (Plate III, fig 13) has a formula of 1, 2, 3, 4, 5 and the relative 
lengths of the segments aveiaged m eight specimens 22 63 90 10, 19 7 

Newsteacl's spines are situated on the basal fouith of the 3rd segment and are 
about 8 m numbei 

The wing (Plate III, fig 1) is bioadly lanceolate and about 3 47 times 
as long as broad (3 44-3 54) In most specimens a is a little shorter 
than ft, while the latter is always gi eater than y The ratio h over a 
averaged about 0 43 The wing is about twice the length of 0 

The hind leg is about 1 6 times the length of the wing and the femur 
foims a little less than one-foui tli of its length 

The male genitalia (Plate III, figs 9, 10, 11 and 12) lesemble those of 
P sylvestns, P malabancus and P pum The basal segment of the superior 
clasjier is stout and is almost twice the length of the distal segment The 
distal segment earned 4 stout curved spines each about 100 microns long 
These spines aie arranged m two pans, one arising fiom the distal end of the 
segment and the other pan from a tubeicle at about seven-tenths the distance 
from the base of the segment The portion of the segment between the two 
pairs of spines is much narrowei than the basal part The small non-deciduous 
spine arises slightly proximal to the middle of the segment The intermediate 
appendage is of the usual type seen m the recumbent-haired group of 
Pklebotomus It is about one-third longer than the distal segment of the 
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Table I 

Phlebotomus arbons ( 3 ) 


Structure 


Lengths m mms of specimens 
number — * 


Ratios, relative lengths, etc f 



i 

2 

3 

4 



Head and clypeus 

0 414 

0 400 

0 357 

0 357 



Thorax 

0 614 

0 600 

0 543 

0 570 



Abdomen proper 

1 343 

1 330 

1 200 

1 185 


'•d 

o 

FQ 

Sup clasper, seg 1 

0 339 

0 330 

0 315 

0 330 



Total length 

27 

2 66 

2 40 

2 42 



Labium 


0 250 

0 210 

0 235 

P 

d 

o 

Pharynx, length 




0 150 

= 2 95-3 19 x breadth — =3 45 

g 

Pharynx, breadth 

0 054 


0 048 

0 051 

L 


Segment III 


0 384 

0 360 

0 375 

m > iv+v m=xn-xvi 


Segment TV 

0 17 i 

0 159 

0 150 

0 160 



Segment V 


0 150 

0 144 

0 160 

i 

3 

Segment VI 


0 144 

0 138 

0 153 

Formula 

o 

• 4 - 

c 

Segments XII-XVI 

lilil 

0 378 

0 363 

0 375 

III-XV 

< 

Total length 

1 967 

1 943 

1830 

1 930 

= 5 0-5 15 X Illrd 







5 0-5 15 x XH-XVIth 


Segment 1 


0 042 

0 037 

mpR 

Foimula 1, 2, 3, 4, 5 


Segment 2 

0 114 

0 111 

0 100 


Rel lengths-2 2 63 90 10 97 


Segment “1 

0 159 

0 159 

0 138 

■SEtSI 

= 14-2 

04 

Segment 4 

0 177 

0 171 

0166 

I81>™ 


(K 

Segment 5 

0 336 

0 381 

0 285 

0 330 



Total length 

0 826 

0 864 

0 715 

0 815 



Length 

1 714 

1 714 

1 670 

1 714 

= 3 43-3 54 X breadth , 61 x leg 


Breadth 

0 500 

0 485 

0 485 

0 500 

n /} 







o 0 070-100 1 06—1 41 


a 

0 314 

0 285 

0 285 

0 307 

P y 


;3 

0 314 

0 371 

0 343 

0 328 

a B 

tx 






— 0 73-1 15 — 0 37-0 54 


7 

0 270 

0 343 

0 300 

0 307 



b 

0170 

0 100 

0 121 

0150 

a Q 


6 

0 443 

0 400 

0 385 

0 420 

— 0 66-0 74 — l 90-2 32 


e 

0 843 

0 870 

0 828 

0 843 

'* T/3 anng 

— 

— 

0 043 

0 071 

0 043 

0 071 

6 0 /2_0 n ~~f~ 1 93-2 05 
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Table I — concld 




Lengths in mms of specimens 





number — * 




Structure 





Ratios, lelative lengths, etcf 



1 

2 

3 

4 


to 

Femur 

0 700 

0 700 

0 643 

0 700 

< I leg 

a) 

t —* 

Tibia 

1 014. 

1 085 

0 970 

1 014 

^ 2x tarsus seg 1 


Tarsus, seg 1 

0 494 

0 500 

0 464 

0 500 

< tarsus segs 2-5 

0 

M 

Tarsus, segs 2-5 

0 585 

0 614 

0 543 

0 614 



Total length 

2 8 

2 9 

2 6 

2 8 



Sup clasper, seg 1 

0 339 

0 330 

0 315 

0 330 

= 1 93-1 98 X seg 2,1 0-1 lx 







inf clasper 

d 

Sup clasper, seg 2 

0 174 

0 168 

0 159 

0 171 

= 0 67-0 71 X intermed append 

d 

Intermed appendage 


0 240 

0 234 

0 243 

= 0 S x inf clasper 

s 

Intromit organ 

0 210 

0 195 


0 190 


© 

Genital filament 


0 180 


0 105 

Length protruded 


Inferior clasper 

0 306 

0 303 

0 291 

0 300 

= 1 38 x subgen lamella 


Subgen lamella 

0 222 

0 222 

0 210 

0 216 

- 


* Measurements of the'type and 3 co type specimens f Taken fiom 8 specimens 

superioi claspei, but is much shot ter than the proximal segment The mtro- 
mittent oigan (Plate III, figs 9 and 10) is slendei with a slightly dilated end 
It is much shorter than the mtei mediate appendage The genital filaments 
were protiuded m six out of eight specimens, and m one case measured as 
much as 180 micions It shows faint tiansveise annulations and stnations 
The pompetta lies m the seventh abdominal segment or even more postenorly 
The mfenoi claspei is unarmed but bears a number of long hairs ansmg fiom 
marked tubercles about its distal en'd It is about 1 36 times as long as the 
subgenital lamella and 1 25 times the intermediate appendage but is slightly 
shorter than the basal segment of the superior clasper 


Differential diagnosis 

The absence of erect hairs on the dorsa of segments 2 to 7 of the abdomen, 
as well as the distubution of the spines on the distal segment of the superioi 
clasper, diffeientiate this species from the members of the eiect-haired group 

The male genitalia are of the type seen in P sylvestns, P malabancus, 
P sqnamirostns, P purn and P zeylamcus, but the following diagnostic 
characteis are present — 

1 P sylvestns * — This species has a palpal foimula of 1, 4, 2, 3, 5 ( 9) , 
a is very much shortei than fi , the wing is more than 4 times as long as 
broad, the lund femui forms much less than one-foui th of the leg, the 


♦This species appears to be identical with Phlebotomus demeijerei Nitzulescu, 1930 
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proximal segment of the superior clasper is relatively long and thin and is 
much longer than the infeiior clasper, the distal segment is much greater than 
half the length of the pioximal one, it is about equal m length to the inter- 
mediate appendage, the two pans of spines are widely separated, the proximal 
pair arising about the middle of the segment, the non-deciduous spine takes 
origin between the two pairs of large spines 

2 P malabancus — a is more than twice the length of ft, the ratio S 
over a is more than 0 7, the proximal segment of the supenoi clasper is 
relatively thinner and is distinctly longei than the inferior clasper , the two 
pairs of spines on the distal segment of the supenor claspei are closer together 
and the non-deciduous spine anses between them, the basal portion of the 
mtiomittent organ is more expanded than m P arbons 

3 P squamn ostns — The palpal foimula is 1, 2, (3, 4), 5, the pharyn- 
geal armature shows numerous long teeth, the buccal armature consists of a 
continuous row of about 20 teeth, segment III of the antenna is much shorter 
than the combined lengths of segments XII to XVI 

4 P pum — The palpal formula is 1, (2, 4), 3, 5, Newstead’s spines 
number about 15, antennal segment III is much less than the combined length 
of segments XII to XVI, the total length of the antenna is six times that of 
segment III, the geniculate spines on the lattei segment are relatively shoiter, 
the antennal hairs do not stand out, the wing is about 4 times as long as 
bioad, the teeth of the buccal armatuie are more marked, the pigmented area 
is smallei and elongated, the pioximal segment of the superior clasper is much 
nai rower and longei, being longer than the mfenoi clasper by almost one half, 
the mtei mediate appendage is about the same length as the distal segment of 
the supenoi clasper, the lattei segment is of a more uniform width m its 
whole length, the non-deciduous spine anses between the two pairs of larger 
spines 

5 P zeylamcus — The palpal formula is 1, 2, (3, 4), 5, is more than 
twice the length of ft , the ratio <? over a is more than 0 5, the buccal 
ai matui e consists of an antenor row of about 10 relatively large teeth 
separated fiom each otliei and usually two oi three lows of smaller teeth can 
be distinguished antenor to these, the pigmented area is small or absent, the 
mtiomittent organ seen fiom the side has a wedge-shaped outline, the proximal 
pair of spines on the distal segment of the superior clasper arise about its 
middle, the non-deciduous spine arises between the two pairs of large spines 
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5 
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THE EFFECT OF INTRAVENOUS INJECTIONS OF QUININE 
ON THE ELECTROCARDIOGRAM IN MAN 


BY 


Lieut -Colonel T A HUGHES, m a , md, dph, m e c p , i m s , 

Pi ojessor of Clinical Medicine, King Edwaid Medical College, Lahore 

[Received for publication, January 26, 1931 ] 


The mti a venous loute for the admimstiation of quinine m the treatment 
of malaria is usually adopted when a lapid eontiol of the infection is necessaiy 
oi when the patient is unable, because of seveie gastro-mtestmal or ceiebral 
symptoms, to take the diug by the mouth Although this method of admims- 
tiation is piefened by most to mtiamusculai injection, on account of the risks 
of local infection, neciosis and even neive paialysis attendant on the lattei 
piocedure, it is not devoid of dangei to the patient Quinine is a circulatory 
depressant Cushny (1924) states that, m mammals, quinine given intra- 
venously geneially slows and weakens the heait by its direct action on the 
caidiac muscle and that laige amounts may depiess the vagus teimmations 
McCarnson and Cornwall (1919) found that all salts of quinine produce a 
fall m blood piessuie aftei mtiavenous injection m sheep, and Brahmachan 
(1922) showed that a diaip fall m blood piessuie follows the rapid mtiavenous 
injection of concentiated solutions of quinine in man These effects of the 
drug may lead to senous consequences m patients already suffering fiom 
circulatory embai moment, severe tovemia oi the geneial hyptonia sometimes 
associated with cluonic subtertian malana 


A stud's vms made by means of the electrocaidiogiaph of the changes 
pioduced in the human heart by the mtiavenous injection of qumme in theia- 
peutic. doses Obseivations vere earned out on hospital patients some of whom 
\icrc suffeimg fiom cluonic malaria With the patient m the semi-prone 
position conh ol electrocardiographic cuives were taken from all three leads 
and the diug vas then slowly injected into the left median basilic vein Curves 
vere taken fiom lead II only during and at shoit intervals after the injection 
Arne patients ieeei\ed G giams of qumme hydrochloride dissolved m 10 o nf 

^ *" rCe 10 gra, " S d,sso, '’ ed “ 20 •« salme In two subjects 

) 8 
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The Effect of Intravenous Injections of Quinine 


curves weie taken before, dui mg and after control injections of 10 c cs of 
saline alone In these individuals the only effect observed was some increase 
m the heart-rate due to psychic and reflex factors 


Results 

1 Bate of the heart — Acceleration, gi eater than that observed dunng 
and after saline injections, occuned m all subjects 

2 The P wave — In all patients except two this wave was slightly 
increased m height In tlnee it was bioadened and m two of these (Figs 1 
and 5) it was continuous with or superimposed on the preceding T wave 







t 


Fig 1 — All curves in this and other figures are from lead II Time 
is shown m 1/25 sec and height in mm In originals each 
1 cm = 1 millivolt (1) Before quinine Rate 150 per minute, 

P i-2 mm , P-R U12 sec R 11—12 mm S 3 mm T 0-1 mm 
(2) Immediately after quinine Rate 176 per minute, P 3 mm 
P-R 012 sec R 10—11 mm S 3 mm P is broadened and continuous 
■with the preceding T (3) Half a minute after quinine Rate 187 per 
minute, P 3-4 mm P-R O’ 12 sec R 10-11 mm S 3 mm 
P broadened as before 

3 P-B interval — In one subject (Fig 2) the P-R interval was shortened 
from 0 14 sec to 0 04 sec one minute after the injection The interval 
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regained its ongmal value m 2 minutes Slight shoitenmg was seen m 4 other 
cases 

0 . ^ Afa.'tf+i 1 

p \ ,T p 

\ - - £ 




n \ S a 2 ~ (1 l B Aorc qmmne Rate 81 per minute P 1 mm P p 
014 sec R 9 mm S 2-3 mm T 2-3 mm /of n 

to 5 :r s ^ ^ pe T m s*5 \Tt ™ ooT «T- 

The «■"« 1"* -'most regained ,t s'ongSlofm^'’ 

**L*T£!z :: pl T^ e z™: zlzzt r he,sht ° r 
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were pioduced m two individuals only, both of whom showed signs of collapse 
In one of these, the patient with myocaidial insufficiency, the symptoms were 
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Fig 3 — (1) Before quinine Rate 115 per minute P 1 mm P-R 
012 sec R 14 mm S O' 2 mm T 1-1 i mm (2) Half a minute 
after quinine Rate about 130 per minute P 1£ mm P-R Of 10-0’ 12 
sec R 11-12 mm S 3 mm T abolished (3) Two minutes after 
quinine Rate 120-125 per minute P 1J mm P-R 010-0'12 sec 
R 12 mm S 3 mm T beginning to appear 




severe Subcutaneous injection of adrenalin (1 cc of 1 m 1,000 solution), 
however, produced prompt lelief and rapidly restored the electrocardiogram 
to its original form (Fig 4) 
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Fig 5 — (1) Before quinine Rate 100 pei minute P 3 mm P-R 
0 12 see R 17-18 mm S 6 mm T 5 mm (2) Half a minute after 
quinine Rate 150-157 per minute P 4-5 mm P-R 0 10 sec 
R 15-16 mm S 7 mm P is broadened and continuous with the 
preceding T (3) Two minutes aftei quinine The curve is 

regaining its original form 


Discussion 

The alterations m the P wave resemble those that sometimes occur m 
mitral stenosis, a condition m which tlieie is increased foice of auricular con- 
traction The tachycaidia was probably to some extent due to depression of 
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the vagus as it was much greatei aftei quinine than after saline alone The 
slight shoitenmg of the P-R interval observed m 4 cases also indicates dimi- 
nished vagal tone The great 1 eduction of this interval shown in Pig 2, 
however, is similar to that seen when auricular beats derived from the natural 
pacemakei aie followed by ‘escaped’ ventnculai contractions arising 
m the junctional tissues (Lewis, 1928), and was piesumably caused by 
the dnect effect of the drug on these tissues Of the changes m the ventn- 
cular complex the most constant was reduction in height or abolition of the 
T wave This was, peihaps, to be expected as the T wave is veiy unstable, 
its height, form and duection being influenced even m health by many factois 
such as emotion, exercise, heat, cold, anoxaemia and digitalis In most instances, 
howe\er, othei ventucular features besides the T wave were altered and m the 
patient whose myocardium was deranged seveie circulatory collapse was asso- 
ciated with maiked changes m the ventnculai complex It may be assumed, 
theiefoie, that the alterations m this part of the cuive aie evidence of the/ 
direct depiessant effect of quinine on the myoeaidium The action of adienalm 
m case IV both on the electiocardiogiam and on the condition of the patient 
suppoits this assumption Incidentally it also illustrates the advisability of 
giving adienalm along with quinine in intravenous injections or at least of 
having it leady in case of collapse, especially when dealing with patients who 
show signs oi symptoms of caidiac weakness 


Conclusions 


The changes pioduced m lead II of the electiocaidiogiam by the mtia- 
venous injection of quinine m anti-malanal doses weie studied m 12 patients 
The most constant effect was a i eduction m height oi abolition of the T wave 
Other effects obseived weie tachycaidia, mciease m height and width of the 
P wave, shoitenmg of the P-R mteival, reduction in height of the R wave 
and mciease of the S wave In one individual the P-R mteival was 1 educed 
to 0 04 sec Collapse, which was piomptly leheved by adrenalin, occupied m 
two cases, m one of whom tlieie was mveision of the T wave m leads II and III 
m the conti ol cuives Symptoms weie seveie in this patient and were accom- 
panied by maiked elcctiocaidiographic changes including depiession of the 
R-T segment 

The electi ocai diogi ams weie taken by my Reseaich Assistant Di D L 
Slnmastava, nsc, to whom my best thanks aie due I am also indebted to 
Di Mohammad Yusaf, m d , my Clinical Assistant, and Di B S Bhandari 
nn House Physician, foi assistance dunng the investigation ‘ ' 
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EFFECT OF EMETINE ON BLOOD-SUGAR 


BY 

N K BASU, mb 


[Received for publication, January 29, 1931 ] 


Inti oduction 

Though emetine lias been used foi the past seveial yeais veiy success- 
fully against E histolytica and with occasional successes against hsemonhege 
and hepatic insufficiency, its phaimacological actions have not been yet fully 
noiked out Chopra (1927 and 1928) from the Calcutta School of Tropical 
Medicine has woiked out a poition of the phaimacological action of this drug 
Emetine has a marked action on the livei and one of the functions of the livei 
being caibohydiate metabolism, it was decided to test the change, if theie be 
any, m the amount of sugai piesent in the blood after injection of emetine 
To a senes of animals (rabbits and cats) both mtiamusculai and mtia- 
venous injection of emetine showed decided hypeiglycsemia, which did not last 
for a long time This tiansitoiy chaiactei of hypeiglycsemia led to the 
suspicion of tempoiaiy stimulation of the vagus with this diug, which was 
conoboiated m the atiopme expenment When atiopme is injected pieviously 
to paralyse the vagal neive endings, emetine fails to produce this liyper- 
glycsemia 


Vagal hypei glycamua 

The influence of the vagus and of ceitam diugs m the pi oduction of 
Ip perglycsenua is a well-known fact But this neivous excitation can explain 
only tiansitoiy mciease m blood-sugai 

About the i elation of the vagus to the islets of Langeihan theie is a great 
deal of conti o\ ersy Hoshi (1926) and La Bane (1927) showed that after 
stimulation of the vagus theie is mci eased insulin content m the blood and 
consequently the blood-sugai falls But against these findings theie aie 
endences to pi me that the action of the vagus on the islets of Langerhan 
mlubitoiv lathci than secretory Moreover, Zung and La Baire (1927) 
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showed that aftei injection of adienalm, though theie was mciease of insulin 
m the panel eatic vein blood, blood-sugai always mci eased 


Animal expenment 

To test the effect of emetine on blood-sugar, a series of experiments was 
earned out on animals (rabbits and cats) As a lule, labbits aie very sus- 
ceptible to emetine, paiticulaily when it is injected intravenously So one has 
to be veiy cautious about the dose of emetine when labbits are used foi the 
expenment 


Conti ol oj diets and habits 

As a slight change in the diets causes a great vanation in the peicentage 
of blood-sugar, all these expenments weie done on piactically starved animals 
They weie given the same kind and same amount of food once a day at a 
fixed time and they weie kept in sepaiate cages while the expenments weie 
earned out Samples of blood weie collected eveiy day at the same time and 
befoie the food was given Samples weie not collected befoie the animal was 
absolutely calm and quiet 


General effect oj emetine on blood-sugar 

Fiom Tables I, II, III and IV, it is evident that aftei injection of emetine 
blood-sugai always mci eases This use of blood-sugai does not last foi a long 
time and is not piopoitional to the amount of the diug injected 

To determine whethei this use m blood-sugai is due to stimulation of the 
supia-ienal glands, two methods weie adopted In the hist method (Table 
VI-a) the glands were stimulated by injecting 0 2 cc of adienahn chlonde 
solution (1 m 1,000) subcutaneously into a labbit and after some time when 
the blood-sugai reached a constant level 1 mg of emetine was injected tlnough 
the eai vein Still the blood-sugai showed a definite and marked use In 
the second method (Table Vl-b) the supra-renal vessels weie clamped but still 
emetine caused a well marked rise But the blood-sugar falls very quickly So 
the use m the blood-sugar is not due to stimulation of the supra-renal glands 
but at the same time it is veiy piobable that the supia-ienal glands aie involved 
in some vay m the maintenance of the higher level of blood-sugar after 
emetine, though this is not foi long 

Neaily half of the amount of glucose m the blood comes fiom the muscles 
To find out whether this mciease of blood-sugar after emetine was due to 
increased pioduction in the muscles, limbs of cats were perfused with Locke’s 
solution which was oxygenated and mixed with defibrmated blood When the 
colour of the perfused fluid began to appioach that of the pei fusion fluid, the 
glucose content was ineasuied and n hen it was constant emetine was injected 
The glucose content was measuied aftei wards and was found to be the same 
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as befoie the injection of emetine (Table VII) So the mciease m the blood- 
sugar after emetine is not clue to any increased pioduction m the muscles 

To find out whether the vagus neives are involved m any way atropine 
was injected m sufficient amount to paralyse the vagal endings Emetine was 
then injected and so long as the effect of ati opine lasted theie was no use of 
blood-sugai (Table V) In the othei tluee experiments of the same gioup, 
the blood-sugar only went up when the effect of atropine had passed off Thus 
it is evident that the use m blood-sugar aftei emetine is a neivous phenomena 
and is due to stimulation of the vagus nerves 

It has been said befoie that the action of the vagus on the islets of 
Langeihan is inhibitory lather than seeietoiy Now a fixed amount of insulin 
is always secreted and piesent m the blood which keeps the level of glucose 
content constant So tlieie is an inverse relation between the concenti ation 
of insulin and glucose m the blood To deteimme wliethei this stimulation of 
the vagus by emetine affects m any way the secretion of insulin, the panel eatic 
vessels and ducts were all hgatuied Then emetine was injected, but the blood- 
sugar did not rise, piactically lemaimng m the same level as befoie injection 
So it is evident that emetine stimulates the vagus neive supply to the panel eas 
and the neive being inhibitory to the panel eatic gland the secietion is diminished 
and coriespondmgly the sugar content of the blood goes up 

Methods followed for the estimation of blood-sugai 
Colonmetiic method of Folm-Wu has been followed throughout the expen - 
nient But veiy often results weie couoboiated by Maclean’s method as well 


Choice of anaesthesia 

Almost eveiy anaesthesia causes a vanation m the glucose content of the 
blood, and amytal is said to be the only substance which does not affect the 
blood-sugai But the variation caused by diffeient anaesthesias was once more 
tested dunng the couise of this expenment It was found that amytal does 
not affect the blood-sugai Ui ethane, etliei and chloialose cause a use m 
the blood-sugai But it was found that aftei a penod of tluee houis the blood- 
‘uigai attained a constant level and lemamed constant at that level foi at least 
two houis Clailc has used amytal and ethei anaesthesia m all Ins expenments 
and lie too expiesses the same opinion Throughout the present expenment 
amytal has been chieflv used, the fiist expenment from Table IV and the first 
expenment fiom Table V weie done undei chloialose anaesthesia, and in expen- 
ment undei Table III etliei was used But m these tluee expenments blood- 
sugai was not tested befoie it attained a constant level 


Conclusions 


(1) Emetine laises the blood-sugai 

(2) Emetine stimulates the xagus— as shown by atiopme 
Much is the cause of the use of the blood-sugai 


expenments — 
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(3) Emetine does not affect the secietion of the supia-ienal glands 

(4) Emetine does not seem to affect the glycogenolytic piocess m the liver 
oi m the muscles 

(5) Emetine seems to inhibit the secietion of the islets of Langeihan 
tlnough the mlnbitoiy fibies of the vagus 
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Table I 


No 

Animal used 

Weight 

Emetine inj per kilo 

Blood sugar percentage 
BEFORE AND 24 HOURS AFTER 
EMETINE 





Before 

After 

1 

Rabbit 

1 6 kilo 

5 mg 

0 102 

0 12 

2 

»> 

17 „ 


0 166 

0157 

3 

if 

175 „ 

>1 

0 105 

0 12 

4 

>> 

18 „ 

it 

0 097 

011 


These animals weie not given any anaesthesia Blood was drawn by heart 
punctuie and injection of emetine was made mtiamusculaily 


Table II 


No 

Animal used 

Weight 

Total amount of 
emetine injected 

BrOOD SUGAR PFRCENTAQE 
BEFORE AND 30 MINUTES 
AFTER EMETINI 





Before 

| After 

i 

Rabbit 

1 4 kilo 

10 mg 

0 135 


0 17 

2 

ft 

16 „ 

l 1 „ 

0124 


0 15 


These animals weie not given any anaesthesia Blood was diawn from 
the ear vein and injection of emetine was made through the same channel 
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Table III 


No 

Animal used 

Weight 

Total amount of 
emetine injected 

Blood sugar percentage 
BEFORE AND 30 MINUTES AFTER 
FMETINE 




Before 

After 

1 

Rabbit 

16 kilo 

10 mg 

0 120 

1 

0166 


TJndei light anaesthesia the femoral vein of the animal was exposed and 
blood was diawn and emetine injected tlnough the same channel 

Table IY 


No 

Animal 

used 

Weight 

Total amount 
of emetine 
injected 

Blood sugar percentage before and at various 

TIMES AFTER EMETINE 

Before 

15 mm 

30 min 

45 nun 

60 mm 

l 1 

Cat 

1 8 kilo 1 

10 mg 

0 07 

Oil 

0 18 


0 16 

2 

>» 

2 7 „ 

3 „ 

0 08 

0 10 

0125 

0148 


3 

» 

25 „ 

4 „ 

0 07 

1 

0 083 

0 10 

j 

0114 


Under complete anaesthesia the femoial vein of the animals weie exposed 
and injection of emetine was given tlnough the same channel After injection 
blood was collected at the interval of eveiy 15 minutes 


Table Y 


No 

i 

Animal 

used 

Weight 



Total amount 
of emetine 
injected 

1 

Blood sugar percfntagf beforf and after 

ATROPINE, AND AT V 1RIOUS TIMES AFTER EMETINE 

II 

Before 

After 

atropine 

16 mm 

30 mm 

60 mm 

135 

min 

i 

Rabbit 

1 7 kilo 

1 mg 

0 14 

0175 

0172 




o 

Cat 

O o 

4 „ 

0 088 

0105 

0105 



0 15 

3 

Rabbit 

15 „ 

1 „ 

014 

0168 

0 166 



0 19 

4 

Cat 

2 4 „ 

4 „ 

0 09 

011 

0 108 

0115 

0 12 

015 
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Under complete anaesthesia the femoral vein was exposed One sample of 
blood was fust collected and then atropine was injected After 15 minutes 
anothei sample of blood was collected Then emetine was injected and blood 
was collected at the interval of eveiy 15 minutes 


Table VI-a 


No 

Animal used 

Weight 

Blood sugar pfrcfntaqe before and aiter adrenalin 

AND EMETINE 




Before 

1 

After adrenalin 

After emetine 

1 

Rabbit 

1 5 kilo 

1 

0 145 j 

0 22 

03 


The animal was not given any anaesthesia Blood was drawn by heart 
punctiue Adienalm was injected subcutaneously Then 1 mg of emetine 
was injected thiough the eai vein 


Table VI-b 


No 

Animal used 

Weight 

Blood sugar pepoentage before and after clamping 
and at various times after emetine 

1 

Before 

After clamping 

30 mm 

60 mm 

1 

! 

j Cat 

*2 1 kilo 

0 08 

i 

0 12 

1 

0 22 

0 10 


Undei complete anaesthesia the femoial vein was exposed and abdomen 
was opened Blood samples were collected befoie and aftei clamping the 
supra-ienal vessels Then emetine was injected and blood was collected after 
an interval of 30 minutes 


Table VII 


No 

j Total amount of 
emetme injected 

1 

Gluoose content before and at various times 

I AFTER EMETINE 

j 

Before 

15 min 

60 mm 

1 

2 0 mg 

0 166 

016 

0 158 

o 

4 0 „ 

0 174 

1 

0 17 

0 177 


Under complete anaesthesia limb of cats was perfused When the colour 
of the perfused fluid approached the colour of the perfusion fluid, its glucose 
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content was estimated Then emetine was injected and samples of pel fused 
fluid were tested at various intervals 


Table VIII 




Blood sugar percentage before and after tioaturf and at 

No 

Total amount of 
emetine injected 

I 

DIFFFRFNT TIMES A ITER EMETINE 









Before 

After ligature 

30 min 

60 mm 

1 

‘t 0 mg 

0 08 

0 083 

0 083 

0 078 

2 

4 0 „ 

0 092 

0 096 

0 094 

0 09 


Undei complete anaesthesia pancreatic vessels and ducts were ligatuied 
Blood samples weie collected befoie and aftei ligature Then emetine was 
injected and two samples weie collected again at the mteival of 30 minutes 
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Graph (I) Graph (II) 




Graph (IY) 



jV ole — The Graphs are gnen numbers corresponding to their respective Tables 
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Graph (VIII) 



A'ofc— The Graplis are given numbers corresponding to their respective Tables 
J, MR A 
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PRELIMINARY OBSERVATIONS ON THE INFLUENCE OF 
DIFFERENT CONCENTRATIONS OF HYDROGEN IONS* 
AND TEMPERATURES OF WATER ON MOSQUITO 
LARViE (ANOPHELES SUBPICTUS) * 


BY 

HEM SINGH PRUTHI, msc, pIid, 
Zoological Survey of India, Calcutta 


[Received for publication, February 3, 1931 ] 

Since the end of the last century when it was discovered that the 
Anophehne mosquito is lesponsible foi the spread of malaria, efforts have been 
made to devise means by which the mosquito oi its laivse, the potential trans- 
mitter of the disease, can be kept under conti ol That a detailed and careful 
study of the habits and habitat of an animal is the most essential desidera- 
tum befoie means can be devised foi keeping it under check is a truism In 
the case of the mosquito, however, such elementary but important questions as 
the nature of the food of the larvm or their behaviour under different conditions 
of environment are not yet definitely settled With regaid to the influence of 
environment, some time ago I took some obseivations on the effect of different 
iempeiatures and the concentrations of hydrogen ions of water on the 
development of Anopheles subpictus The hydrogen-ion concentration 

oi active acidity of a watei in view of its piofound influence, both direct and 
lndnect, on the biology of aquatic organisms is widely lecogmzed to be a 
ichable index to the suitability of the watei as a habitat for different animals 
Many animals flourish best in a limited range of this factoi To lllustiate this 
statement I may quote the familial case of hay infusions m which certain 
Piotozoa appeal and disappeai m a regular sequence A few years ago I 
show edf that the hvdiogen-ion concentration of a hay infusion undeigoes a 
senes of changes and that different Piotozoa appear and flourish when the 


*Reid at the 18th Session of the Indian Science Congiess Nagpur 
t Bril Jour Expcr Biol, 1927 
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concentration is suitable foi then existence In reference to mosquito larva, 
no doubt there aie numerous obseivations on recoid indicating the various 
temperatures and hydiogen-ion concentrations at which the larva have been 
found to occui, but haidly any author has touched on the important question 
whethei such tempeiatuies and acidities are optimum for the development of 
the larva into pupa and adults If some of them are not, then waters having 
such condition though teeming with the larva need not bother either the 
entomologist or the Public Health Officer, as there will be very little chance 
foi f the larva to become adult and so to tianshnt disease It is simply to call 
attention to this aspect of the problem that the following observations are 
described 

Some of the observations on the influence of diffeient concentrations of 
hydrogen ions aie detailed m Table I By the addition of sodium bicarbonate 
and HC1 to pond water six diffeient concentrations weie prepared into each 
of which 15 larva of the same age weie introduced Daily records were made 
of the numbei and condition of the larva found living Bodies of dead indivi- 
duals were removed eveiy morning An examination of the table will show 
that with, the exception of the highest concenti ation tiled (pH 3 5), at which 
all the larva died within 3 days, the larva appaiently flourished equally well 
when kept at all other concentrations, viz , from pH 5 2 to 9 8 But the 
numbei of laiva that metamorphosed in the different jars was very different 
Of those kept at pH 5 2, 9 pupated of which only 2 became adult Of all the 
concentrations tried, the pH 7 4 seems to be most suitable for the metamorphosis 
of the larva, as at this pH nine pupated, all of which became adult At 
pH 8 5 five pupated of which four became adult At pH 9 0 only one pupated 
and reached the adult stage, whereas at pH 9 8 all the larva died without 
undergoing metamorphosis Thus it is evident that though the larva can live 
m a wide lange of pH, they can only become pupa and adults m a very limited 
range of this factoi 

Three sets of observations on the influence of different temperatures aie 
detailed in Table II In each experiment 15 larva were kept at a high tem- 
perature, varying from 32°C to 34°C , while the same number of larva of 
the same age were kept at a lower temperature varying from 28°C to 30°C 
to serve as control As m the experiments on the influence of different 
hydrogen-ion concentrations, daily lecords were made of the number and 
condition of the larva found living An examination of the table will show 
that whereas some larva can live at the high temperatures named above, very 
few indeed can become pupa and adults at such temperatures In each of the 
three experiments detailed in the table only one larva out of 15 kept at the 
high temperature pupated and out of the three pupa only one became adult 
In the conti ols 6 to 10 out of 15 pupated and a great majority of them reached 
the adult stage 

It is highly probable that in nature Anopheles subpictus will be found 
breeding freely m watei with temperature 32°C-34°C or even higher in the 



Table I 

Influence of different concentrations of hydrogen ions of watei on the larva of Anopheles subpictus 
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day time Of couise such a condition is not at all compaiable to that inside 
a thermostat Apait from other factors, the temperatiue itself while almost 
constant inside a thermostat greatly fluctuates ip nature at diffeient times of 
the day, being mvanably lowei dui mg night time 

To conclude, the observations just now described indicate that though 
mosquito laivae can live m a wide range of temperature and hydrogen-ion 
concentration, they can become pupae and adults undei much moie limited 
conditions It is highly piobable that the same holds good in the case of other 
factois of environment This means that even if a ceitam locality has 
mosquito larvae, it may not have adult mosquitoes As it is only the adult 
mosquito that spreads malaria, whereas the method m vogue for keeping it 
undei check consists of killing its larvae, it is suggested that before spending 
money and time on destroying the larvae m a certain watei, it will be econo- 
mical to ascertain if the condition of the water will allow the larvae to leach 
the adult stage 

I desire to express my thanks to Mr M 0 T Iyengar of the Public Health 
Department, Bengal, who kindly supplied me mosquito larvae for the experi- 
ments described above 
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It is now an accepted fact that bactenophage is constantly found m 
polluted water But whether it plays any part m the purification of water 
has been a controversial point Some among whom may be mentioned 
Ailomg (1926), Arnold (1925), and Nakasiraa (1925), believe that bacterio- 
phage plays an impoitant pait m the self -purification of water, wheieas 
Flu (1923), Zdansky (1924) and Janey (1927) think that it has no such 
action m natural conditions If the contention of the woikers who hold that 
bacteriophage destroys bactena m watei be true, then it must be of equal 
interest to see how the lysm would behave in the punfication of raw water m 
sand filters 


Arnold consideied that impregnation of water filters with bacteriophage 
active against certain pathogenic gastio-mtestmal bactena might offer a new 
field of investigation in water purification problems Nakasima studied the 
effect of mteimittent surface filters and sprinklers on bacteriophage present 
m domestic seu age He observed that phage originally present m the sewage 
was unaffected by both the piocesses, though the chemical purification was 
quite good This led him to believe by analogy that bacteriophage may play 
some role m the punfication piocess by sand filteis J 

The present uoik was taken up to elucidate the following points — 

(1) Whether bactenophage originally present in raw water takes inv 
pa.t m the diminution of bacteria present ,n law renter by sand filter 

( 137 ) 
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Consicleiation of this question is important from a samtaiy point of view 
If it is found to be the case then it opens up a new avenue in the water 
purification pioblems and this fuither knowledge may be utilized by sanitarians 
m impiovmg sand filtration processes 

(2) To make a comparative study of the activity of bactenophage m 
law water, m settled water and m filteied watei, to find out whethei it is 
unaffected by the filtration process or undergoes diminution like bactena 
Investigation on this point seem to us to be of interest on the following 
considerations — 

D’Heielle (1926) claims that bactenophage plays an impoitant part m 
the pioduction of lecoveiy fiom and piotection against infectious intestinal 
diseases and if the lytic action of phage which is constantly present in raw 
water remains undiminished in the filtered water, it would be disseminated 
throughout the whole population thiough drinking water and might thus play 
an important iole m the prevention of gastro-mtestmal diseases 


Method of investigation 

The following technique was followed throughout our experiment foi the 
isolation of bactenophage — 

Fifty c c of water from each source was put m a flask to which 5 c c of 
10 pei cent nutnent broth (pH 7 8) was added and kept m the incubator foi 
18 hours at 37°C It was then filteied through filter papei coated with 
mfusonal earth and finally passed through a L s candle m Martin’s filtering 
apparatus The filtrates were kept m the mcubatoi overnight for testing 
stenhty and then kept in a cool room till used 


(1) Role of bactenophage in sand filtration process 
For investigation of this question two slow sand filters were taken up 
which we will lefei to as No I and No II In the raw watei of No I strong 
anti-coli phage active against B coll isolated from raw water was constantly 
found to be present and m the raw water of No II it was absent We then 
made a comparative study of the efficiency of these two filters m relation to 
their powei of i eduction of bacteria present m raw water For these purposes 
bacteriological examination was made of three samples from each plant, one 
from the law water, one from the settled water, and another fiom the filtered 
water Clemesha’s method was followed 

Out of a series of expenments conducted, the result of one is given below 
m Table I 

It will be evident that plant No II where phage is absent has given a 
better bacteriological result In our series of experiments we observed that 
reduction of bacteria by slow sand filters was independent of the presence or 
otherwise of bactenophage in raw water 
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B roll PRESENT IN 

Raw water 

Settled water 

Filtered water 

Plant No I 
(anti loliphage 
present) 

0 0001 ce 

0 1 c c 

■ 

20 c c 

plant No II 
(anti eoliphage 
absent) 

0 0001 c e 

0 1 c c 

30 e c 


(2) Comparative study of lytic action of bacteriophage m raw, settled and 

filtered water 

In this case experiments weie conducted both m slow and lapid sand 
filters where active phage was constantly present m the law water 

For the purpose of comparison three samples from each waterwork were 
examined for lytic action, one from the raw, one from the settled and another 
from the filteied water 

The method of comparison of lytic action of the tlnee different sources 
of watei mentioned above m each case was as follows — 

Twenty-four hours’ bioth cultuies of organisms to be tested were made 
The following oigamsms were tested m each expenment (1) B coh communis, 
(2) B slag a and B ilexner, (3) Cholera vibrio, and (4) B typhosus Four 
sets of broth tubes were then ananged Two drops of each culture was 
inoculated into 6 tubes m each set One was set aside as a control and to 
the remaining five tubes m one set filtrate of raw water was added m piogres- 
sive dilution, the first one receiving 1 cc and the 5tli tube 1/10,000 c c of the 
filtrate To the second and third set was added the filtrate of settled and 
filteied watei respectively exactly in the same manner The broth tubes were 
then placed m the mcubatoi at 37° C and examined for lytic action aftei 
18 horns 

Results obtained m slow sand filters and m lapid sand filters differed 
The lesults arc theiefoic dealt with separately 


(A) liesults of evpenments with slow sand filters 

Expei iments were conducted with seveial plants The results obtained 
weie consistent so it will be convenient to describe the work done m one plant 
flic dow sand filter at Palta, from which 'water is supplied to the city of 
Calcutta 

Raw water is diawn lieie from the mer Ganges and we have on every 

occasion found potent bacteriophage in it active against one or other of the 
organisms mentioned above 
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No alum was being added to the raw watei at the time we conducted our 
experiments and the period of settlement was about three days 

Experiments weie earned out on seven consecutive days One of the 
results is given below in Table II — 


Table II 


Name of organisms 

I 

■ 

Amount of bacteriophage added m c c 

1 

1/10 

1/100 

1/1,000 

1/10,000 

B colt communis 

A 

B 

C 

+ + + + 
++ + + 

+ + + + 

+ + + + 

+ -H + + 

4* 4* 

++++ 


B shiga 

A 

B 

C 

+ + + J- 
+ + + + 

+ + + + 

+ + + + 

1 

++++ 

+ + + + 


B flexncr 

A 

B 

C 

• | > ■ | — | 1 *|* 

+ + + + 

+ + + + 

+ + + + j 

++++ 

_J — ] — 1 — [- J 


V cholera' 

A 

B 

C 

— 

— 

— 

i 1 1 


B typhosus 

A 

B 

C 

— 

| 

— 

1 1 1 



A = Raw water, B = Settled water, C = Filtered water 
-F + + + = Complete lysis 
+ + = Moderate lysis 
— — No lysis 


It will be seen from the table that there is a marked reduction of virulence 
of bacteriophage by settlement alone In our series of experiments this 
1 eduction was between 90 to 99 per cent In the filteied water we weie unable 
to detect the piesence of bacteiiopliage To determine whether the phage was 
completely destroyed or not we submitted a few filtiates of filtered watei to a 
few passages In some cases the bacteriophage was recovered, m others we 
failed to recover it showing that it had completely disappeared 

(B) Experiments with rapid sand filtration 

Ten filters m different locality were examined The source of law water 
m these filters is the rner Ganges 
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Alum is added to the law water as it enteis the coagulating tank in these 
types of filteis, and only a few hours settlement is allowed 

At the outset we investigated whether the addition of alum up to 4 parts 
per 100,000 had any deleterious action on the activity of bacteriophage and 
found that it had none 

As alum reduces the alkalinity of watei, we also examined the pH of 
samples of watei fiom the settling tank It was found to vary from 7 4 
to 7 8 

Of a series of expenments conducted the result of one is given below m 
Table III 


Table III 



ms 

Amount of bacteriophage added met. 


Nairn, of organisms 

Wmr 






U 

1 

1/10 

1/100 

1/1,000 

1/10,000 



A 

+ + + + 

+ + + + 

++++ 

++ 


B coh communis 

B 

+ + + + 

+ + + + 

++ 

— 

— 


C 

+ + 


■ ■ 




A 

+ + + + 

+ + + + 

+ + + + 

++++ 

. 

B shga 

B 

+ + + + 

+ + + + 

+-+++ 

— 

— 


C 

+ + + + 

+ + 



— 

B flexncr 

A 

+ + + + 

+ + + + 1 

++++ 



B 

C 

+ +_+ + 

+ + + + 

++++ 


— 

V cholera 

A 

B 

C 

— 

— 

— 


— 

B typhosus 

A 

+ + + + 

+ + + + 




B 

+ + + + 

+ + + + 

— 

— 




C 



~ 


— 


A = Ran " atcr, B = Settled water* C = Filtered water 


+ + + + = Complete lysis 
+ + = Moderate lysis 
— = No lysis 


It will be seen fiom the table that reduction of virulence of phage is not 
the same m all the oigamsms In the settled water there is 90 per cent 
induction of activity against B coh and B shiga but the virulence against 
B typhosus and B flexmr lemains unimpaired In the filtered watei also 
■ eduction is variable, pl.age being absent mice against B typhosus and 
B ficxncr and present mice and 1/10 cc aaamst R mi VV and| 
B since i aspect, i ely E B “d 
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Viewing the result of series of expenments conducted, it may be stated 
that by settlement alone aftei the addition of alum, we obtained on an average 
90 per cent 1 eduction but activity against some of the oigamsms remained 
unaffected In the filteied water there was a lelative reduction of virulence 
against all the oigamsms but the pioportion vaned Ninety to ninety- nine 
per cent 1 eduction of virulence of phage against all the organisms used occuned, 
while the activity of some of the stiams disappeared 


Discussion 

In a pievious paper (Stewart and Ghosal, 1930) we showed that the 
activated sludge piocess has a destructive action on sewage bactenophage 
As a lesult of the piesent woilc we found that sand filteis also have a similar 
action on phage piesent m law watei The behaviour of bacteria and phage 
piesent m raw watei is the same m the punfication process by sand filters, 
both undeigo diminution m the same mannei Oui lesults are not quite m 
agreement with the finding of Nalcasima, who woilang with domestic sewage 
found that phage was unaffected by the process of purification by sand filters 
It is difficult to account for his observation, it is probable that the virulence 
of phage he worked with was too high foi the sand filter to cope with He 
does not mention the dilution m which his phage was active We also found 
that the slow and the lapid sand filters differed in then behaviour towards 
phage piesent in raw watei In rapid sand filteis wheie settlement is short, 
the l eduction was not more than 90 pei cent, some strains remaining unaffected, 
but m the settlement piocess of slow sand filteis where the duiation is much 
longei a reduction of 90 to 99 per cent of phage was always found The slow 
sand filtei was more destructive to phage than the lapicl filtei 


Conclusions 

(1) Bactenophage does not play any pait m the punfication of law watei 
m sand filteis 

(2) The piocess of sand filtration has a definite destructive action on 
bacteriophage piesent m law water 

(3) Settled watei m slow sand filtration showed 90 to 99 per cent reduc- 
tion of phage whereas in the settled watei of rapid sand filters after the 
addition of alum we did not find more than 90 per cent reduction Some of 
the stiams in the latter case lemamed unaffected 

(4) Slow sand filters showed moie destructive action on phage than rapid 
sand filteis In the foimer the phage in the majority of cases became com- 
pletely inactive but in the rapid sand filters i eduction was generally 90 to 99 
per cent but some strains were also rendered completely avirulent 
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Introductory 

The micio-oiganism which is the subject of these observations was 
originally isolated m a case of human lepiosy by my senior colleague, Dr E 
Mun, who employed the technique desciibed by Shiga (1929) The details 
of this technique aie bnefly as follows Material from a suitable source is 
ciushed in a moitai with 5 per cent H 2 S0 4 The resulting suspension is placed 
m the incubatoi foi 20 minutes and is then lapidly spun m the centnfuge, the 
mouth of the centnfuge-tube being closed with a cncle of ‘Japanese papei ’ 
moistened with 5 pei cent caibolic acid The supei natantT fluid is poured off, 
physiological saline is added to the deposit, and the mixtuie again spun The 
sediment fiom this second spinning is spiead with a platinum loop on a 4 per 
cent glyceime-bouillon-potato medium in Roux tubes, the pH of the medium 
should he between 6 8 and 7 0 

On looking ovei my colleague’s notes (foi this part of the investigation 
vas earned out while the piesent wntei was on leave m England) it appears 
that, owing to a manifest enoi m translation, physiological saline containing 
one-half pci cent agai instead of physiological saline alone was used m 
washing the deposit mentioned above Whethei this made any diffeience to 
the subsequent findings it is impossible to say 

The penod that elapsed between the date of ongmal explantation and the 
fust sign of visible growth was about eight months, the giowth m question is 
desciibed as being cauliflower-like, giey m coloui, about 6 mm m diameter 
and laised about 2 mm fiom the suiface of the medium Smeais from this 
growth mealed acid-fast granular organisms, ‘some blue m colour, some 
J ^ ( 145 ) \ n 
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swollen, some* long’ Subcultuie on Petroff’ s medium was successful, a 
cliromogemc, oiange-colouied giowth lesultmg aftei an incubation period of 
about a week The organisms fiom this subcultuie had the same microscopic 
appeal ances as those m the ongmal cultuie 

Personal observations — Selecting a Petioff subcultuie in which giowth 
was proceeding vigoiously, the piesent writei attempted to cany the investi- 
gation fuithei, and the following is an outline of the lesults so fai obtained 

I CULTURE EXPERIMENTS 

A Solid Media — Twelve tubes of Peti off’s medium weie inoculated, of 
these, six wei e incubated aerobically at 37 °C , and three under partial anaero- 
biasis at the same temperature, the lemammg thiee weie incubated aerobically 
at 100 m tempeiature, which at the time of expenment aveiaged 18 6°C m 
the twenty-foui horns Partial anseiobiasis was very simply effected — the 
cultuie tube having been inoculated, the cotton-wool plug was burnt flush 
with the mouth of the tube and pushed down foi about an inch, a layer of 
pyrogalhc acid a quaiter of an inch deep was then placed on top of the plug * 
a few diops of fieshly-piepared 10 per cent NaOH added, and a second plug 
quickly incited, the whole w 7 as then lapidly sealed with melted paiaffin In 
older to amve at a lough estimate of the degree of anserobiasis actually 
attained, the following blank test had previously been performed Three 
solutions aie made up (1) Deci-noimal NaOH 6 c c , H,0 100 c c (2) Glucose 
6 g , HoO 100 c c (3) 0 5 pei cent aqueous methylene blue 3 c c , H 2 0 
100 c c Approximately equal quantities of solutions (1) and (2) are mixed 
and a few diops of solution (3) added, on boiling, the colour of the methylene 
blue is chschaiged and a colouiless solution lesults, the coloui is legamed in 
the piesence of free oxygen We earned out this test m a small test-tube, 
placed it quickly into a large test-tube, and tieated the latter by the pyrogalhc 
acid method described above By using this two-tube method instead of 
canymg out the whole piocess m one laige test-tube one avoids to some extent 
the possible obiection that most of the an had been expelled immediately 
befoic the pyrogalhc acid tieatment and that hence the lesults aie not com- 
parable with those m the mam test A faint blue tint returned to the fluid 
ovei a penod of several days but we considered that we had obtained a degree 
of anserobiasis sufficient foi oui piesent purpose Twelve tubes of nutrient 
agar and eleven tubes of glycenne agar weie also inoculated, divided into tlnee 
groups, and incubated undei conditions similar to those obtaining m the 
Petroff senes 

Besidts — The cultuies w 7 ere examined daily and by the fifth day growth 
was sufficiently definite to allow the following notes to be made — 

29f/i December 1930 Cultures examined 
(a) Petroff, serobe, 37°C Three out of 6 tubes show 7 definite yellowish- 
brown growth, like toasted bread ciumbs 
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(b) Petroff, aeiobe, room temperature All 3 tubes, slight yellowish-biown 
gi owth 

(c) Petroff, anseiobe, 37 °C Nothing definite 

(d) Nutrient agar, serobe, 37°C All 6 tubes show definite yellowish- 

white giowth , 

( e ) Nutnent agai, aerobe, room tempeiatuie All 3 tubes, slight yellowish- 

white giowth 

(/) Nutnent agar, anaerobe, 37°C One out of 3 tubes, 7 slight growth 

( g ) Glycerine agar, aerobe, 37°C All 5 tubes, definite yellowish-white 

to orange growth 

( h ) Glycerine agar, aerobe, room temperature Two out of 3 tubes, slight 
orange-yellow growth 

(i) Glycerine agai, anaerobe, 37 °C One out of 3 tubes, slight yellowish- 
white growth 

By the fifteenth day growth was well established and the following notes 
weie made — 


8th January 1931 Cultuies examined 

(a) Petroff, aeiobe, 37°C Orange crumb-like growth definite m 3 tubes, 
doubtful m 2, negative m 1 There is a nanow zone of iridescence on the 
surface of the cultuie medium immediately aiound actively growing cultuies 
(Plate IV, fig 1) 

(b) Petroff, aeiobe, loom tempeiature Slight orange crumb-like growth 
with iridescence all 3 tubes 


(c) Petioff, anseiobe, 37°C Yellowish growth with iridescence, 1 tube 
Giowth is palei and moie confluent than (b) 

(d) Nutnent agai, seiobe, 37°C Yellowish slightly confluent giowth m 
all 6 tubes, no mdescence noted (Plate IY, fig 2) 

(e) Nutnent agai, aeiobe, loom temperatuie Pale yellowish growth, 
slightly confluent, all 3 tubes No iridescence 

(/) Nutnent agai, anseiobe, 37 °C Nil 

{g) Glycenne agai, aerobe, 37°C Oi ange-yellow growth more confluent 
than Petioff, all 5 tubes No mdescence (Plate IV, fig 3) 

(/f) Glycenne agar, seiobe, loom tempeiatuie Slight orange-yellow growth 
all 3 tubes Appeals moistei than ( g ) No iridescence 

(i) Glycerine agar, anaerobe, 37 °C Yellowish-white confluent growth, 
1 tube No mdescence 


B Liquid Media (1) Thiee flasks were taken each containing approxi- 
mately 100 cc glycenne bioth (pH by capillatoi, 7 3) and surface inoculations 
were made fiom the onginal Petioff subculture Two of the flasks weie 
incubated at 37°C, and one at room tempeiature, all under fully aerobic con- 
ditions (2) Poui flasks of the asparagin medium (pH by eapillator 7 21 
desenbcd bj Calmette ct aln (1926) for the cultivation of B C G ’were 
similarly inoculated, divided into two equal batches, and incubated’ ulder 
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conditions analogous to those obtaining m the case of the glycerine broth 
cultures 

Results — The flasks weie examined daily, and by the thud day growth 
was obseivable in the glycenne bioth flasks incubated at 37 °C in the foim 
of small gieyish tianslucent pellicles ladiating out fiom the explants on the 
suiface of the medium These pellicles fused togethei and foimed a continuous 
film of giowth which by the twelfth day completely coveied the surface of the 
medium, and encioached on the walls of the flask The film of growth now 
had a wnnkled appeal ance, creamy m colour with flecks of orange where it 
impinged on the walls of the flask, there was in addition a gianular deposit 
at the bottom of the flask (Plate IV, fig 4) In the case of the glycenne 
broth flask simultaneously inoculated and placed m the cool incubator at loom 
tempeiatuie, no definite signs of giowth weie discernible On the fifteenth 
day after inoculation this flask was tiansfened to the 37°C incubator, by the 
third daj theieaftei definite growth was visible in the foim of gieyish tianslu- 
cent pellicles a film foimed which, on the expny of a fuithei penod of four 
days, had reached the walls of the flask 

In the aspaiagm flasks incubated at 37 °C veiy delicate colourless pellicles, 
best seen on looking along the suiface of the medium, weie visible by the third 
day following inoculation Giowth was much slowei heie than on the glycerine 
broth medium and at one point it was thought that it had ceased altogether 
but on examining the flasks again on the twenty-fust day a complete film of 
suiface giowth -was detected bv the senes of npples which appealed momen- 
tarily m it on gently tapping the flask At piesent the film is in both instances 
thin, colouiless and delicately wrinkled, thus conti astmg with the glycenne 
broth films, a granular deposit appears to be forming at the bottom of the 
flasks In the aspaiagm flasks incubated at loom tempeiature theie are 
colouiless pellicles which seem to be slowly increasing m size 


II Staining experiments 

On the day on which the various media already detailed were inoculated, 
smeais weie made on slides fiom the original Petioff subculture, stained with 
cold caibol-fuchsm foi 20 minutes, decolorized with 2 pei cent acid-alcohol for 
a few seconds, and counterstamed with Manson’s borax-methylene blue for 
10 seconds The organism revealed by this method is, m the main, acid-fast, 
stiaight or megularly cuived, and occurs both m clumps and singly, many 
aie beaded (showing metaclnomatic gianules) or fragmented The length 
•\anes fiom 1 5 to 4 0 }t and the breadth fiom 0 5 to 0 6 jt , an occasional 
non-acid-fast blue-stamed form was noted (Plate V, fig 1) Meiely m order 
to satisfy Ins sense of curiosity, the wnter piepaied a further series of slides 
from the original subcultuie already mentioned, fixed them, treated them with 
xylol and then vitli absolute alcohol (5 minutes each), blotted dry, and 
stained as before It was discovered that this procedure results in a loss of 
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the acid-fast propeity in a considerable number of the oiganisms so that red- 
stained and blue-stained foims can be seen side by side m neaily every 
microscopic field (Plate V, fig 2) 

I next determined to see whethei this change could be effected m 
oiganisms from natui ally acquned human leprous lesions or m the artifi- 
cially induced rat disease Smears weie made fiom suitable lesions from the 
lespective souices, tieated with xylol and absolute alcohol as described above 
and stained m the usual way In the case of the human organisms no such 
effect was noted, m the case of the rat organisms a totally diffeient pheno-i 
menon was obseived — pievious tieatment with xylol and absolute alcohol 
appeals to lendei a consideiable number of these oiganisms unstamable so that 
pale ghost- like bacilli aie noted against a backgiound formed by the methylene 
blue countei stain (Plate V, fig 3) Ghost-like bacilli edged with blue were 
also noted Smeais fiom cultures subjected to the action of xylol and absolute 
alcohol pi 101 to staining aie refened to below as treated smears and the 
following notes show m buef the othei observations on staining which have so 
far been made 


7th January 1931 Glycenne broth cultwes, 12 th day 

Smeais made fiom suiface growth 

(1) Fixed and stained cold in the usual way 

(2) Fixed, tieated and stained 

(1) Small acid-fast bacillus, appeals to be smaller than the organism 
obtained fiom the oiigmal Petioff subcultuie, fiagmented forms scanty, forms 
vith metaclnomatic granules and blue-stamed forms lare 

(2) Tieatment does not appear to affect the acid-fast property, very few 
definite blue forms seen 


8 th Januaiy 1931 

Smeais fiom Petioff anobe 37°C , glycerine agai seiobe 37°C, nutnent 
agai aciobe 37°C , all cultuies 15 days old, two smeais fiom each, one fixed 
and stained duect as before, the remaining smear fiom each batch fixed treated 
and stained ? 

(1) Petroff aiiobe 37°C— direct stain Acid-fast oigamsm similar to that 
noted m ongmal Petroff mbcultuie, fragmented and beaded forms seen blue 
foims m a ppi enable numbeis ’ 

& Petioff iviobc 37"C -tieated As above, but blue foims very 
liumnoiw j 

(3) Ghccunc agar iciobc 37°C— duect stain As m (1) abovn w m 
foims \eiv iaic abovc ’ but blue 

141 Ghcerme agar cerobe 37°C— tieated a i u 

increase in blue forms " ^ above > no apparent 
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(5) Nutnent agai seiobe 37°C — dnect stam As m (1) above, blue forms 
appreciable 

(6) Nutrient agai auobe 37°C — treated As m (5) above, no appaient 
increase in blue forms 


9th January 1931 

Smears made from Petioff anaerobe 37°C , and from glycerine agar 
anseiobe 37°C , both cultuies 16 days old Glycenne agai anseiobe appears 
to be moistei and less ciumbly than the otheis, Petroff anaerobe is like Petroff 
seiobe m consistency Two smears from each, one fixed and stained direct as 
befoie, the othei fixed, tieated and stained 

(1) Petioff anseiobe 37°C — dnect stam Acid-fast organism as befoie, 
but numeious pale pmk lathei swollen foims also seen, blue foims appreciable 

(2) Petioff anseiobe 37°C — tieated Blue foims more piomment 

(3) Glycenne agai anseiobe 37°C — dnect stam Blue forms iaie, few 
pinks Veiy few gianulai oi metacliromatic foims 

(4) Glycenne agai anseiobe 37°C — tieated As m (3) above 


17 th Januaiy 1931 

Asparagm cultuie at 37°C , twenty-second day of incubation, two smears 
made fiom suiface giowth, one fixed and stained chiect as befoie, the othei 
fixed, tieated and stained 

(1) Aspaiagin cultuie — chiect stam Small plump acid-fast bacilli 
lelatively scanty, with deeply staining inclusions, appieciable blue forms, 
acid-fast diplococcoid foims also seen 

(2) Aspaiagin cultuie — treated As m (1) above 

In all the staining obseivations smeais have also been made and stained 
wet with a modified toluidm blue stam devised and used by my colleague^ 
Di C McGune, in his mycological studies, m oidei to see whethei branched 
foims of the oigamsm could be detected, but so fai my results have been 
consistently negative with this stam 

III Attempts to demonstrate the presence of bacterial antibodies 

(1) A 14-day glycenne broth culture gi owing actively at 37 °C was 
filteied under negative pressure tlnough a Doulton’s unglazed filter candle 
(150 X 38 mm ) m a Massen’s filtenng appaiatus Human seium was 
obtained (a) fiom advanced untieated cases of nodulai leprosy, ( b ) from 
non-lepious contiol Fixed amounts of the filtiate w 7 eic then added to varying 
amounts of 'the «eia m ordei to see whethei piecipitm foimation could be 
detected The test was done in Dreyei’s agglutination tubes and the vanous 
constituents were added by means of a Dreyer diopping pipette, the same 
pipette was used throughout and it was w r ashed out three times wuth distilled 
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water, alcohol, and acetone, when changing fiom one constituent to another 
The following is an example of such a test 


Tube No 

i 

1 

2 

i 

3 

i 

5 

N saline (chops) 

Nil 

5 

8 

C 

10 

Serum (drops) 

10 

5 

2 

1 

Nil 

Filtrate (drops) 

15 

15 

15 

15 

15 

Final cone o? serum 

1 UY 2 5 

1 m 5 0 

1 

1 m 12 5 

1 in 25 0 

i 

Control 


The tests were read immediately and then placed m the incubator at 37 C 
foi 24 horns, a final leading was then taken With both gioups of sera the 
icsults weie completely negative 

(2) I next took two flasks of fleshly piepaied steule glycerine broth 
(pH 7 3), each flask containing approximately 100 cc of medium To 
flask (A) was added 1 0 c c of the filtrate noted above, flask (B) was kept 
as a control, the surface of the medium m each flask was then inoculated with 
a loopful of a 17-day glycenne agar cultuie At the same time six tubes of 
fieshly piepaied glycenne agai weie taken and to each was added 3 drops 
of the filtiate, the tubes were inclined to and fro so that the surface of the 
medium was thoioughly moistened by the filtiate, five tubes of glycerine agar 
fiom the same batch, untieated by filtrate, were used as controls All eleven 
tubes weie inoculated fiom a 17-day glycenne agai cultuie and flasks and 
tubes weie placed m the incubatoi at 37 °C The following notes show the 
piogiess of events m this senes of observations — 


12th Jammy 1931 Cultures examined (3 id day after setting up) 

Flask (A) Slight commencing giowtli Flask (B), conti ol, doubtful 
On the following day definite giowtli was obseivable in the lattei flask and 
surface films fonned which, by the 7th day aftei inoculation, had reached the 
nails of the flasks m both instances Two smeais were made fiom the smface 
giowth m each flask, one smeai fiom each series was fixed and stained direct 
as usual, the other fixed, treated and stained 

Flask (A) (Bioth plus filtiate) 

Smca, (D-Ducct stem Amd-fast bacdbfam o.gamsm, fi agmentat.on 
md metuchromatic gianules present, occasional blue forms 

Smear (2) -Treated As m (X) above No apparent me, ease m blue 


foi ills 


1' 1 isk (B) (Bioth alone contiol) 
Smeai id) — Direct stam As in 


(1) above 
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(5) Nutnent agar aeiobe 37°C — duect stam As m (1) above, blue forms 
appreciable 

(6) Nutrient agar aerobe 37°C — treated As m (5) above, no apparent 
increase in blue forms 


9th January 1931 

Smears made from Petioff anaerobe 37 °C , and from glycerine agar 
anaerobe 37°C , both cultuies 16 days old Glycenne agai anaerobe appears 
to be moistei and less crumbly than the otheis, Petioff anaerobe is like Petioff 
anobe m consistency Two sineais from each, one fixed and stained direct as 
befoie, the othei fixed, tieated and stained 

(1) Petioff anaeiobe 37°C — cluect stam Acid-fast organism as befoie, 
but numejous pale pink latliei swollen foims also seen, blue foims appreciable 

(2) Petioff anaeiobe 37°C — tieated Blue forms moie piomment 

(3) Glycenne agai anaerobe 37°C — direct stam Blue forms laie, few 
pinks Vei 3 r few gianulai oi metachromatic foims 

(4) Glycenne agar anaeiobe 37°C — tieated As m (3) above 

17 th January 1931 

Asparagin cultuie at 37°C , twenty-second day of incubation, two smears 
made fiom suiface giowth, one fixed and stained duect as befoie, the other 
fixed, tieated and stained 

(1) Aspaiagin cultuie — duect stam Small plump acid-fast bacilli 
relatively scanty, with deeply staining inclusions, appieciable blue forms, 
acid-fast diplococcoid foims also seen 

(2) Aspaiagm cultuie — tieated As m (1) above 

In all the staining observations smeais have also been made and stained 
wet with a modified toluidm blue stam devised and used by my colleague, 
Di C McGune, in his mycological studies, m oidei to see vdiethei blanched 
foims of the oiganwm could be detected, but so fai my lesults have been 
consistently negative with this stam 

III Attempts to demonstrate the presence of bacterial antibodies 

(1) A 14-day glycenne broth cultuie gi owing actively at 37°C "was 
filteied under negative pleasure thiough a Doulton’s unglazed filter candle 
(150 X 38 mm ) in a Massen’s filteung appaiatus Human seium w r as 
obtained (a) fiom advanced untieated cases of nodulai lepiosy, ( b ) fiom 
non-lcpious conti ol Fixed amounts of the filtiate -wcie then added to vaiymg 
amounts of the seia m ordei to see whether pieeipitm foimation could be 
detected The test was done m Dreyei’s agglutination tubes and the various 
constituents were added by means of a Dreyer dropping pipette, the same 
pipette was used thioughout and it was wrnshed out three times with distilled 
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water, alcohol, and acetone, when changing fiom one constituent to another 
The following is an example of such a test — 


Tube No 

; 1 

2 

3 

4 

5 

N saline (chops) 

Nil 

5 

8 

0 

10 

Serum (drops) 

10 

5 

2 

1 

Nil 

Filtrate (drops) 

15 

15 

15 

15 

15 

1 

Final cone of serum 

1 in 2 5 

1 m 5 0 

1 

1 m 12 5 

1 m 25 0 

! 

Control 


The tests were read immediately and then placed m the incubator at 37 C 
foi 24 liouis, a final reading was then taken With both groups of sera the 
results were completely negative 

(2) I next took two flasks of freshly piepaied steule glycenne broth 
(pH 7 3), each flask containing appioximately 100 cc of medium To 
flask (A) was added 1 0 c c of the filtrate noted above, flask (B) was kept 
as a control, the surface of the medium in each flask was then inoculated with 
a loopful of a 17-day glycenne agar cultuie At the same time six tubes of 
fleshly prepared glycenne agar were taken and to each was added 3 drops 
of the filtrate, the tubes were inclined to and fio so that the surface of the 
medium was thoioughly moistened by the filtrate, five tubes of glycerine agar 
fiom the same batch, untieated by filtrate, were used as controls All eleven 
tubes weie inoculated from a 17-day glycenne agar culture and flasks and 
tubes weie placed in the incubatoi at 37 °C The following notes show the 
piogiess of events m this senes of obseivations — 


12 th Jammy 1931 Cultwes examined {Sid day after setting up) 

Flask (A) Slight commencing giowth Flask (B), conti ol, doubtful 
On the following day definite growth was observable m the lattei flask and 
suiface films fonned which, by the 7th day aftei inoculation, had reached the 
vails of the flasks m both instances Two smears were made fiom the surface 
growth in each flask, one smear fiom each series was fixed and stained direct 
as usual, the otliei fixed, tieated and stained 
Flask (A) (Bioth plus filtiate) 

. Smeai (1) —Dnect stem Acid-fast bacill.foim mgan.sm, augmentation 
and luetaclnomatic gianules piesent, occasional blue fonns 

fam ® mMr <2) ~ T " Cated As “ (1) above N ° apuaient me, ease m blue 

Flask (B) (Bioth alone, contiol) 

Smear (1) —Direct stain As in (1) above 
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0 

Smear (2) — Tieated As m (1) above, but blue foims appeal to be 
moie numeious 

(3) Two actively gi owing 20-day eultuies on glycenne agar weie scraped 
off into steule jioimal salme containing 0 5 pei cent caibolic acid, this caibol- 
sahne suspension was then giound up as finely as possible m a sterile giouncl- 
glass moitai, the opeiation being earned out inside a stenlized tissue-cultuie 
box The suspension so obtained was then roughly standardized against 
standaid opacity tubes and it was found that it was appi oximately equal in 
density to that of a suspension of Bad typhosum containing 630 million 
organisms per 1 cc Seium from a patient suffering fiom advanced nodular 
lepiosy (untreated) was then obtained and vaiymg amounts weie put up with 
a fixed volume of the bactenal suspension The method of canymg out the 
test is similar to that detailed m the piecipitm expenments (vide ante) except 
that bactenal suspension instead of bactenal filtrate was added The final 
concentiations of the seium weie, as befoie, 1 in 2 5, 1 in 5 0, 1 m 12 5, and 
1 m 25 0, the fifth tube was a conti ol without seium The tests weie put in 
a watei-bath at 55 °C foi two liouis and the fiist leadings weie then taken, 
aftei a fuithei penod of twenty-four liouis m the mcubatoi at 37°C, the 
final leadings weie taken At the end of the two-houi period all the tubes 
including the conti ol showed some precipitation of the suspension with 
opalescence of the supernatant fluid, after a fuithei period of twenty-foui 
liouis at 37°C theie was still no evidence of true agglutination 

Summanzing the lesults of the above small gioup of experiments (1) We 
have so fai failed to detect m the filtrate fiom young, actively-giowing cultures 
of the oiganism any anti-substance which mterfeies with the subsequent 
giowth of this oiganism (2) We have similaily failed to detect m seia from 
advanced untieated cases of human lepiosy any anti-substance or substances 
which ha\e a demonstrable effect on the organism oi of the filtiate theiefiom 
in vitio It should be noted, howevei, m connexion with the last-mentioned 
obseivations that such negative findings do not necessanly mle this oiganism 
completely out of couit so fai as its lelationslnp to human lepiosy is concerned 
The application of serological m vitro methods to the diffei entiation of the 
acid-fast bacteria is geneially admitted to be unsatisfactoiv The agglutina- 
tion test m paiticulai is of almost no value, fiistly because of the supreme 
difficulty of obtaining a homogeneous suspension of such oigamsms and, 
secondly, because of the almost ineradicable tendency of such suspensions to 
spontaneous clumping — as happened m the piesent instance 

< 

IV The FFrECT OF heat and of antiseptics on the growth of the organism 
(a) A loopful of the suspension which had been piepaied foi the agglu- 
tination tests was inoculated on the suiface of a glycerine agai slope and 
incubated at 37°C Continuous obseivation ovei a period of 15 days failed 
to re\eal any giowth It should be noted that theie are three possible lethal 
factois to be consideied, (a) the mechanical grinding action to which the 
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suspension was subjected m piepaiation, (b) beat, (c) the antiseptic action 
of the carbolic acid, each of these should be investigated separately 

(b) A swab of cotton-wool was wrapped lound a shoit length of copper 
wne, dipped in 40 per cent formalin, the excess fluid diamed off, and the swab 
suspended over the suiface of an actively gi owing glycerine agai cultuie foi 
a penod of 24 houis so as to expose the cultuie to the vapoui of the formalin, 
a subculture was then made on fiesli glycerine agai No growth was observed 
on continuous obseivation over a penod of 15 days 

Y Does the organism show surface runners or deep roots in culture ? 

In an attempt to answer this question I applied the method of cultuie- 
section descubed by Acton and McGune (1927) The test-tube containing 
the culture killed by formalin as descubed above was broken, the medium 
with culture in situ lemoved, and fieehand sections weie cut with a Gillette 
safety-i azoi blade The sections were then stained with weak carbol-fusclun 
and examined with a low-powei objective, no surface runneis or deep roots 
could be detected 


Summary 

Pielimmaiy obseivations aie here recorded on an oigamsm isolated once 
only m twenty-three tuals fiom human lepious lesions It belongs to the 
acid-fast gioup of bactena, it glows readily on ordinary laboiatory media 
both at body temper atuie and at temperatuies of about 20 °C , cultures 
aie pigmented and then development is most characteristic on media 
containing glycenne Giowth is most abundant in the piesence of free oxygen 
but can also occui m conditions of partial oxygen deprivation In young 
cultuies at least theie is no evidence of the pioduction of genal liyph®, 
surface umneis, oi deep loots Seiological investigations designed to establish 
a connection between this oigamsm and human leprosy have so far yielded 
negative lesults and its relationship to M lepras (Hansen) is at the moment 
completely undetei mined 

My thanks aie due to Di C McGune of the Depaitment of Pathology 
and Bactei iology foi demonsti atmg the method of culture-section and to 

Mi J I\ Mullick, the aitist to the Lepiosy Research Laboratoiy foi the 
ulustiations 
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Antivenomous serum against Cobia and Daboia venoms manufactured 
at Kasauli is usually held to letara its full potency for one year from the 
date of manufactuie but may be used foi anothei yeai with 25 per cent 
mci cased dosage to make up foi the loss of potency dui mg the latter period 
Aftei 2 yeais fiom the date of manufacture this seium is now considered as 
time expned and unfit for theiapeutic use Anderson and Cams (1925) tested 
some of the above serum stocked undei different conditions of storage and 
found that tlieie was giadual loss of potency on keeping dm mg the fiist 6 — 8 
months followed by an enhancement higher than that originally possessed by 
the serum aftei 12—14 months stoiage Nothing is at present definitely 
known aftei 14 months stoiage It is, however, presumed that like all othei 
antitoxic sci a the antnenomous seuun undei goes piogressive detenoiation 
aftei that penod The demand for this seium m India is steadily mci easing 
(as would appear fiom Table I) and although so fai all oideis have been 
successfully met it is apprehended that owing to unforeseen events in future 
the supply possibly might not be proportionate to the demand 

( 155 ) 
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Table I 

Statement showing the annual output of antivenomous serum in tubes of 

40 cc each 


1925 

1926 

1927 i 

1928 

1929 

2,407 

t 

2,667 

f 

2,768 

1 

3,310 

3,404 


TVhethei under such contingencies it would be advisable 01 not to use the 
so-called time-expired seium foi life saving purpose specially in cases of 
emeigency when the fresh seium is not available in sufficient quantities lias 
to be consideied Fortunately 19 samples of time-expned serum stocked at 
loom tempeiature weie found m a cupboard at Kasauli langmg from 2| to 
9 yeais old Physically all these seia were crystal cleai with slight deposit 
of seium proteins at the bottom which when shaken up imparted a uniform 
hazy appeal ance to the contents The samples after sorting out could be 
grouped as follows accoidmg to then age — 


1 

1 sample 

2i 

years 

old 

2 

2 samples 

3 

77 

77 

3 

1 sample 

3! 

77 

77 

4 

1 „ 

4 

77 

77 

5 

4 samples 

7 

77 

77 

6 

3 „ 

n 

77 

77 

7 

1 sample 

8 

77 

77 

8 

4 samples 

8k 

77 

77 

9 

2 „ 

9 

77 

77 

As the 

antivenomom seium 

manufactuied at Kasauli is 

standardized 


against Cobia venom alone with the minimum capacity of neutralizing 0 5 mg 
of venom in vitio foi each c c of seium, we could only compare the neutralizing 
capacity of time-expned sera m terms of an ongmal minimum standard namely 
1 c c of seium equivalent to 0 5 mg of Cobra venom 

The technique employed was the same as is used for standardization of 
antivemne which is as follows — The dned Cobia venom is accurately weighed 
to 4 places of decimal and dissolved to the requned concentiation in normal 
silt solution Fiom the stock solution fuither dilutions are made containing 
the desned* dose* of venom mice of the solvent One cc of the venom 
solution of different strengths is then measuied into each of a senes of test-tubes 
and to each tube is added 1 cc of time-expned seium After mixing the 
contents, the tubes are incubated at 37°C foi half an hour The 2 c c of 
venom antnemne mixtuie aie then injected into the pectoral muscles of a 



G C Maitia and M L Alui'ia. 


157 


series of pigeons weighing 300 giammes each The leading is taken aftei 
24 horns and the death oi suivival of the buds ovei this penod noted With 
each series of tests a set of conti ols to show the minimum lethal dose of the 
test venom was also put up by injecting each of 4 pigeons with 0 2, 0 3, 0 4 
and 0 5 mg of Cobra venom respectively The same sample of venom was 
used thioughout the experiments 

The neutializmg powei of the serum was calculated as being equivalent 
to the largest dose of venom which when mixed with the serum failed to kill, 
less the minimum lethal dose of the venom as found by the conti ol test Thus 
if m a senes of tests, the laigest dose which failed to kill the pigeon m 
24 hours was 0 9 mg of venom and 1 c c of serum the minimum lethal dose 
being 0 4 mg 1 c c of serum was taken as capable of neutralizing 0 5 mg of 
venom 

The following table shows the result of test on the specific neutralizing 
capacity of time-expued seia — 


Table II 


Serial 

No 

Age of 

antivenomous 

serum 

Number of 
samples 
tested 

Neutralizing 
capacity of 

1 c c serum in 
milligrammes of 
cobra venom 

Percentage 
loss of potency 
duung stoiage 

Percentage 
potency retained 
aftei the period 
of storage 

1 

years 

1 

05 

Nil 

100 

2 

3 „ 

2 

0 2 

60 

40 

3 

31 „ 

1 

05 

Nil 

100 

4 

4 „ 

1 

03 

40 

60 

6 

7 „ 

4 

0 5 

Nil 

100 

6 

7} „ 

3 

0 5 

Nil 

100 

7 

8 „ 

1 

04 

20 

80 

8 

8^ „ 

4 

0 28 

45 

55 

9 

9 „ 

2 

0 35 

30 

70 


Fiom the above results it would appeal that about 50 per cent of the 
samples retained their potency to the full extent of the ongmaTstandard W 
after the piesent time limit prescribed fol their theraneutie nc l S 

Period of 2 veais horn the date of manufacture About 50 2 7 T* V 
samples neie found deteriorated but they still maintained ih + Cen ° tle 
I'erage of 50 per cent of the ongmal stiength sliowmg that ‘aft 
Stonge the detc.o.at.on ,s quant.hat.ve on, y and that the an^noluTtS 
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like the anti-diphthentic seium maintains its specificity (MacConkey, 1917), 
that is to say it is still capable of neutializmg snake venom in vitro foi a 
period much longei than what is now consideied to be the time limit 
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Many thousand doses of cholera and prophylactic TAB vaccines are 
manufactured and sent out from Kasauh every year Although the bulk of 
the supply is piimanly meant for the Army, a considerable quantity of these 
vaccines is also used by the civil population of British India and Indian States 
The demand vanes dnectly with the number and frequency of epidemics m 
each year Evciy step m the manufaetuie of these vaccines is controlled by 
an expeuenced bactenologist with the help of about half a dozen trained 
laboiatory assistants woikmg directly under his supervision The finished 
vaccines in bulk aie stocked m concentiated suspensions and have to be 
diluted, bottled and tested for 'denlity before sending them out to points of 
distribution This final dilution and bottling m vanous sizes of ampoules is 
entireh m the hands of responsible officers In spite of these stringent pre- 
cautionary measures it is not unusual to get occasional complaints from 
medical officeis engaged m preventive woik, that paiticular capsules of vaccines 
pioduecd sc\ ore local and gcneial reactions after injection Such complaints 
m the past ha\e more often been leeeived m case of cholera than m case of 
TAB \ accme, particularly from crol practitioners who during epidemics 
generally use a single immunizing dose of 1 c c per individual instead of an 

( 159 ) 
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initial close of \ c c followed by 1 c c aftei ten days’ intei val This excessive 
dosage by itself may piocluce an aggiavated reaction m a peison who has not 
been prepared foi a lnghei dose by a pievious injection of \ c c of vaccine, but 
such a possibility, howevei, does not hold good when only a part of the brew 
is mciimmated while no complaint is made against the major poition of the 
same brew which was also used mice doses 

Apait fiom the fact that the vaccine itself may be at fault, theie might 
be othei factois at work at the points of distribution which may partly or 
wholly contribute towaids the seventy of leaction aftei inoculation, eg, non- 
obsei vance of strict asepsis, use of blunt needles foi injection, the latter mainly 
acting by pioducmg mechanical damage to adjacent parts, etc These possi- 
bilities aie matteis of meie speculation and cannot be verified or substantiated 
at the source of manufacture Consequently, it devolved on us to find out 
if, at any stage m the manufacture of vaccines, something is happening which 
can definitely be pioved to be the cause of seveie leaction aftei injections 
The following possibilities weie investigated — 

(1) Impure and contaminated vaccine 

(2) Excessive dosage due to eirois m standardization 

(3) Excess of caibohc acid used ns preservative 

(4) Excess of foreign piotems (othei than bactenal proteins) such as 

peptones, pioteoses and other nutnent materials, together with 
ceitam pioducts of bactenal metabolism 

In the following paragraphs we piopose to discuss how far each of these 
possibilities may be held responsible for the unpleasant reaction pioduced — 

i 

1 Impute and contaminated vaccine 

All biews and samples, supposed to have produced unpleasant reactions 
on injection, weie examined culturally both by the serobic and anseiobic methods 
and weie found hee fiom contamination They were also examined rmcio- 
scopically by appiopnate staining and showed nothing but the organisms wduch 
had been used ongmally 

2 Excessive dosage due to eirois m standardization 

All choleia vaccines aie first killed and then standardized by opacity 
method (Biown, 1919) immediately aftei prepaiation As they undergo 
progressive autolysis on storage (Haivey, Iyengar and Christophers, 1921) 
even in isotonic saline, bacterial stiengths of such samples, as were unfavour- 
ably leported upon, could not be definitely ascertained and compared with the 
original strength of 8,000 millions of vibnos per 1 c c of the vaccine It has, 
however, been frequently found by experimental observations that 1 c c of 
fresh cholera vaccine of the strength of 65,000 millions per c c does not cause 
any appreciable local reaction or necrosis wdien injected subcutaneously mto 
guinea-pigs 
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3 Excessive quantity of caibohc acid used as preservative 
Considering that all stocks aie diluted m bulk of not less than 4,000 c c 
at a tune, land the requisite quantity of phenol is added at this stage, any 
error m calculation and measuring of the lattei could not possibly be more 
than a fiaction of 1 c c for every 4,000 c c of the finished vaccine Supposing 
for the sake of aigument, howevei, it is assumed that one full cc was added 
m excess, this must have been diluted 4,000 times when 1 c c of the vaccine 
was given as immunizing dose Such infinitesimal quantity of excess of phenol 
could scarcely be expected to give use to severe reactions Apart from this 
theoretical consideration, we actually prepaied a vaccine of standard strength 
with 1 pei cent phenol as pieservative This vaccine injected subcutaneously 
mice doses into 3 human volunteeis and 3 guinea-pigs produced no more 
reactions than the vaccine to which 0 5 per cent phenol had been added 
Severe reactions after cholera inoculation therefore could not have been due to 
slight excess of carbolic acid content 


4 Excess of foieign pi oteins { other than the bactenal protein) such as 
peptones and proteoses and othei nutnent materials together with 
certain products of bactenal metabolism 

In order to undei stand how foreign proteins and soluble products of 
bacterial metabolism can be present m cholera vaccine, it is necessary to 
describe m detail a few steps m the mass pioduction of this vaccine as practised 
m Kasauli and piesumably also in other laboratories m India 

A twenty-four horn s’ broth culture of cholera vibrio is planted on rolled 
cultiues of tiypsmized casein agar in 2 pint whisky bottles, each bottle receiving 
about 4-6 cc of the broth cultuie The inoculum is spread 'over the agar 
surface simply by lolling the bottles m hand These bottles are incubated 
at 37 °C foi 24 hours, and the resulting giowth of each bottle is washed with 
about 20-25 cc, of noimal salt solution, and decanted into a sterile test-tube 
of 6 inches X 1 mch size These washings contain not only live cholera vibrios 
but also a certain amount of nutnent material of the natuie of peptones and 
pioteoses besides soluble pioducts of bacterial metabolism which were present 
with the initial biotli inoculum squirted into each bottle The washings m 
test-tubes aie, howevei, allowed to stand for 48 hours to enable the suspended 
bacteria to be deposited The supernatant fluid is then decanted off and the 
bactenal deposit retained for piepanng the vaccine The supernatant fluid 
rejected at tins stage usually cames away most of the nutrient materials and 
soluble toxins If on account of carelessness this step is not properly carried 
out an excess of the latter may get into the vaccine and give rise to unpleasant 

reaction In cider to veufy this possibility saline washings of a single brew 
were divided into two parts — s 

(1) Supernatant flmd of one half eras completely decanted off and , 
raceme of the standard strength was prepared from the bactenal deposit alone 

11 
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(2) In case of the othei half, supernatant fluid was only paitially decanted 
off and a vaccine of the same strength was piepaied from the mixture of supei- 
natant fluid and bactenal deposit 

The above vaccines weic injected subcutaneously mice doses in human 
volunteeis and gumea-pigs The lesult has been summanzed m the following 


table — 



Number 
of volun 
teers 
injected 

Dosage 

Each 

volunteer 

Result 

Number 
of guinea 
pigs 
injected 

Result 

Vaccine with 
excess of super 
natant fluid 

G 

1 c c 

S severe local reae 
tions, with fevei 
and headache , 
they were unable 
to attend their 
ordinary d u ties 
for 48 hours 

8 model ate r e a c 
tions only 

2 

Redness, oedema and 
local necrosis after 
24 li o u r b Scab" 
formed at the Bite 
after 48 hours to 
72 iiouis 

Vaccine practically 
free from super 
natant fluid 

c. 

1 c c 

5 moderate r e a c 
tions only , caps 
ble o f attending 
light duties 

1 moderately severe 
reaction 

O 

Practically no reac 
tion except slight 
r e d n e b b for 24 
hours after which 
it cleared off 


The compaiativc effects of two vaccines aie also obvious from the plioto- 
giaphs of 2 gumea-pigs each of which leceived 1 cc close subcutaneously 


Summary 

(1) Slight excess of phenol m cholera vaccine over the noimal 0 5 pei 
cent used as pieservative, does not produce any appieciable local reaction 
when injected subcutaneously m man 

(2) Choleia vaccines 8 times as strong m bactenal content as used for 
pieventive inoculation m man, have no severe local and general effects when 
injected subcutaneously into gumea-pigs 

(3) Cholera vaccines ol standard baetenal strength, with an excess of 
foieign proteins — the nature of peptones, pioteoses and ammo acids, etc, — 
and soluble pioducts of baetenal metabolism, are responsible foi severe local 
and general reactions after injection both in men and expenmental animals 

(4) Cholera vaccine prepaicd from the baetenal deposit and containing 
the minimum possible amount of nutrient material would, m oui opinion, 
reduce to a very consideiable degree untoward leactions following piophylactic 
inoculation 
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ABSENCE OF MALARIA IN THE SALT-WATER LAKE BASIN 

BY 

MOT IYENGAR, ba, ns, 

Entomologist, Bengal Public Health Department, School of Tropical Medicine , 

Calcutta 

[Received for publication, February 27, 1931 ] 

In the district of 24-Peiganas m Lower Bengal and to the east of Calcutta 
is an extensive inland saline water basin locally known as the Salt-water Lake 
This basin which is ten miles long and ovei three miles m width is embanked 
all around and tiaversed by numerous ridges and embanked footpaths The 
deeper portions of the basin hold in saline water throughout the year and 
these consist of numerous shallow tanks or reservoirs which are worked as 
fisheries There are many villages and hamlets distributed over the basin 
inhabited by the people that work the fishenes m the Salt-water Lake 

During the ramy season, the level of water in the Salt-water Lake Basin 
uses to such an extent as to cover nearly the entire aiea, while during the off 
season, a large pait of this shallow basm is dry During the wet season, the 
villages situated m the middle of the basm are mere islands many of which 
aie inaccessible except by boats and canoes In some of these villages, the 
water rises so high as to covei the entire ground leaving only the plinths of 
houses above watei One has fiequently either to wade through water or to 
use a canoe even to go from one house to another within the village Such 
a condition is not an unusual one dui mg the rainy months One frequently 
obsenes children swimming across the water in order to go to a neighbouring 
house and they are so much accustomed to such a condition that they do not 
seem to feel that they do anything unusual 

The floia of the Salt-watei Lake Basm comprises several typical saline 
plants and some chai actenstic mangrove vegetation Halophytes like Sueada 
maritima Dum , and Tamanx galhca Linn , and mangiove plants like Acanthus 
ihcifohus Linn , Exoccana agalocha Linn , Avicannua officinalis Linn , are 
common m this area Other mangrove- vegetation such, as Sonneratw, Cenops, 


*Rcnd before the Indian Science Congress, Nagpur, January 1931 
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Kandeha, JEgiceias and Brugmera also occur though less commonly Entero- 
irioi pha, a charactenstic salt-water alga, is veiy common in the water of the 
lake and in ponds and ditches, Oscillatonci, a blue-gieen alga which is also very 
common, frequently forms dense felted masses which float on the surface of the 
water The Salt-watei Lake Basm with its fisheiy leservons, its saline floia 
and the villages subject to flooding dui mg the rainy season is m many ways an 
interesting formation 

Commonly believed to be intensely malarious 
The common lay person would put this area down as an intensely 
malarious one In fact this lake has had the unenviable reputation of being 
a dangerously malarious tract and many persons have ascribed the unhealtln- 
ness of the City of Calcutta to the proximity of the Salt-water Lake In the 
earliei official records theie are numerous references to the supposed unhealtln- 
ness of the Salt-water Lake As early as 1706, Capt Hamilton is reported to 
have described the influence of the Salt-water Lake on the health of Calcutta 
in the following terms ‘ Mr Charnoclc could not have chosen a more un- 
healthy situation on all the line of nvei, for thiee miles to the eastward is a 
salt-water lake, which ovei flows m Septembei and October and piodigious 
numbeis of fish lesort there, but m November and December, when the floods 
are dissipated, those fishes are left to die, and with their putief action affect 
the air with thick stinking vapouis, which the north-east winds bring with 
them to Fort William, so that a great yeaily mortality is caused by them’* 
Even medical men have expressed views entirely similai to the one above 
quoted Dr Duncan Stewart in 1836 expiessed Ins opinion that the unhealtln- 
ness of the eastern poi lions of Calcutta was due to the pioximity of the Salt- 
water Lake He had stated that the eastern part of Calcutta has ' always 
been considered unhealthy and could scarcely indeed be otherwise situated as 
it is upon the marshy edge of the Lake and surrounded by dense low jungle 
The natives dwelling there are subject to constant low fevers, spleen, dropsy 
and disease, to new-comeis, a lesidenee of even a few days is almost sure to 
be fatal ’f Dr Strong, Suigeon of the 24-Perganas, wiote as follows m 1837 
‘ I have visited many of the villages bordering on the Lake and find the 
inhabitants m point of appearance and health to correspond very much with 
the state of those people that inhabit malarial and marshy lands 

The lay public as well as the medical profession seemed so fully convinced 
of the presumed unhealthmess of the Salt-water Lake and of its injurious 
influence on the health of Calcutta that efforts were made from time to time 
both by the Government and by the public to reclaim the lake In 1830, 
Lord Bentinck, the then Governor-General, strongly recommended that the 
Salt-water Lake should, on sanitary grounds, be embanked and drained with 

♦Selections from the lecords of the Government of Bengal, p 4 

T Ditto do do p 25 

+ Ditto do do pp 4-5 
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a view to mitigate the unhealthmess of Calcutta The Court of -p lr ® ct °^ 
appioved of this proposal, but weie unable to provide adequate f™* at the 
time Latterly the mattei was taken up in earnest by the public an m , 
pioposal was made to Goveinment for the promotion of a company to unde - 
tike the reclamation of the Salt-watei Lake (Inglis, 1909, p 502) This 
pioposal was submitted to a commission appointed by Goveinment to examine 
r matter m detail After an investigation the commission rep ted «iat 
' the weight of evidence establishes the fact that the existence of the tract m 
its pilsent state is most injurious to the health of Calcutta In -"‘'mg 
the adoption of the scheme, the commission expiessed its opinion tha 
scheme \s earned out, it would ‘ substitute a cultivated 

mosont nestilential swamp and forest’ and as a result would greatly improve 
STETSSU (Inglis, 1909, P 567) The proposal for the promotion 
of the company fell tluougli owing to some technical objections legal I f 
giant of land and certain lights, but although the scheme ™ topped the 
Goveinment still viewed the question with much favour In 1880, the Go 
meat of Bengal passed a resolution to say that the reclamation of the Salt- 
water Lake is a project winch the growing prevalence of fevei m Calcutta 
makes it desirable to see again bi ought foiward 


A MALABIA-FREE AREA 

In contiast to the beliefs mentioned above, the results of the piesent 
extensive survey of the Salt-water Lake Basm show that it is a healthy area 
almost entirely fiee fiom malana It seems fortunate therefore that all the 
proposals put up from time to time foi the reclamation of the Lake had fallen 
through and thus avoided waste of some enonnous expenditure on these 
projects When we find that the Lake area is quite healthy, it is inconceivable 
that it should have anything but a beneficial influence on the health of 
Calcutta 

A detailed malana suivey of the entire Salt-water Lake Basin has 
lcccntly been concluded In this connection, 83 villages situated in the Basin 
were studied and about 6,000 children, of 12 yeais and undei, examined foi the 
estimation of the spleen late of the villages The gioss spleen rate for the 
entne aiea woiks to 0 3 pei cent and this shows that the Salt-water Lake area 
is lemaikably fiee fiom malaria The details of the results of this survey are 
tabulated below — 


Number of 
children 
crammed 

Number ruth 
enlarged 
spleen 

Spleen rate 

1 Per cent 

Dkorfe of splenic enlaec emfnt 

■ 


1 



FI j 

F2 j 

P3 

j 

F4 

u 

BU 

5.SSS 


17 

0 J 

5 

7 i 

i 

4 i 

j 

1 


• 


* Selections from the records of the Government of Bengal, p 130 
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Out of the 83 villages suiveyed here, 71 of them had a spleen rate of zero 
Of the lemaimng 12 villages, eight of them had spleen lates of 2 per cent and 
undei Only foui villages out of the 83 surveyed had spleen lates above 2 pei 
cent, the highest spleen lecoided m the aiea being 8 pei cent The lespective 
spleen lates of the different villages suiveyed aie maiked on the sketch map 
of the basin (see Map opposite) Details of the lesult of examination of 
children in these villages aie furnished in the Appendix The gross spleen 
rate being so low as 0 3 pei cent among a scatteied population m a ruial aiea 
wheie no samtaiy measures aie earned out, we may take it that malana is 
practically absent m the Salt-watei Lake Basm which appeals to have a natuial 
freedom from malana 


The ANOPHELINE FAUNA 

The incidence of anoplieline mosquitoes m the Basm has been studied 
both from adults caught m the villages and fiom laivce collected fiom bleeding 
places The following seven species occui heie, namely, Anopheles subpictus 
Grassi ( iossu Giles), A vagus Don, A hyicanus vai mgernmus Giles, A bai- 
birostns Wulp , A fuligmosus Giles, A pseudojamesi Sti and Ch and A varuna 
Iyengar Judged fiom the numeneal pievalence of adult mosquitoes 
as well as of laivse, Anopheles subpictus is undoubtedly the piedominant species 
m the area This species comprises moie than 90 pei cent of the total catch 
and m seveial villages it was found that the anophelme population consisted 
almost entirely of this one species It bleeds in veiy laige numbers m saline 
and biackish water, specially those with salt-watei algae like Enteiomoipha and 
Oscillatona In many places, a single dip of the collecting pan brought up 
ovei a hundied laivm and pupae consisting of this species and it seems evident 
that this type of bleeding place is veiy favourable for A subpictus With 
such heavy bleeding almost every wheie, it is not suipusmg that we should 
have a very heavy incidence of adult A subpictus m these villages The walls 
m cattle sheds and dwelling houses aie fiequently thickly coveied ovei with 
A subpictus mosquitoes 

The otliei six species of Anopheles mentioned pieviously occui veiy spaisely 
m this aiea and they aie evidently not of much importance heie While the 
high pievalence of A subpictus is explainable by the abundance of suitable 
bleeding places such as the saline and biackish watei collections, the sparseness 
of the other species of Anopheles is due to lack of bi ceding places suitable for 
those species Fresh water collections m which the latter oidmanly bleed are 
entnelv wanting m the area 


Anopheles subpictus and malaria 

The absence of malaria in the villages situated m the Salt-water Lake 
Basm is attributable to the sparseness of earner anophelmes At the same 
time, the enormous prevalence of Anopheles subpictus m every one of these 
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Absence of Malana m the Salt-Watei Lake Basin 


villages which have little 01 no malana seems to piove conclusively that tins 
mosquito is a non-cairier m natuie 

Liteiature on the subject of the susceptibility of Anopheles subpidus to 
infection with malaria paiasites is not entnely unanimous While a laige 
number of the woikers on the question have obtained consistently negative 
results, several of them have lecorded the finding of A subpidus infected 
experimentally and m some instances even m nature Some of these findings 
of infected A subpidus leally refened to A ludlown as was pointed out by 
Bentley (1911) and later by Covell (1927, pp 80-81) In fact, some twenty 
years ago seveial of the workeis believed that the two species A ludlown and 
A subpidus wei e identical and did not theiefore maintain separate lecords 
for them (Stiong, 1910) The earliei records of A subpidus mfectivity, m 
those localities m which A ludlown also occuis, aie not entnely reliable owing 
to the possibility of A ludlown being mistaken foi A subpidus or being mixed 
up with it* 

In the absence of convincing evidence to show that Anopheles subpidus 
plays any appieciable part m the epidemiology of malana, various explanations 
have been put foiwaid fiom time to time to con elate the finding of A subpidus 
susceptible to infection undei expenmental conditions with its appaient in- 
nocuousness m natuie It has been argued, for instance, that although 
A subpidus is susceptible to infection, the development of the parasite goes 
only as fai as the eaily oocyst stage and as the infection does not reach the 
final infective stage of spoiozoite in the salivary glands, the mosquito cannot 
act as an efficient tiansnnttei This view is not entnely correct as instances 
in which A subpictus was found with spoiozoites m the salivaiy glands have 
been lecorded (Gill, 1925, Soesilo, 1928) 

Another view which has already been controverted is that of Vogel (1910) 
who thought that the mfectivity of A rossn varied with the degree of salinity 
of the water m which it bred He tried to show that A rossu mosquitoes 
bred out of saline water weie more susceptible to infection than those bied 


*Eien m the case of later records from aieas where these two species occur side by side, 
this possibility is not entirely excluded owing to the fact that it is frequently very difficult 
to distinguish old specimens of A ludloxon much denuded of their leg scales from specimens 
of A subpictus as they are so i ery similai to the latter The writer has experienced much 
difficulty m the identification of old specimens of A ludlown in which the speckling of the 
legs is not clearly noticeable In man} 1, of these cases, some help may be had from the 
nature of the black spotting at the base of the costa The basal black aiea on costa of 
A ludlown is a comparatn ely long one and this is a fairly constant feature which can be used 
as an additional aid in distinguishing this species fiom A subpictus in which the black area 
at base of the costa is not generally so extensive -It must, however, be noted that the 
absence of extensile black scaling on base of costa in Anopheles subpidus is not always 
a constant feature, as it has been observed by the writer that specimens of A subpictus 
bred from salt-water frequently "have a longer black spot on the base of the costa similar 
to that of A ludlown 
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out of water with a lower saline concentration Vogel’s observations were 
subject to two fallacies, firstly it has been doubted if he was actually working 
with A rossa since many workers think that the species he was expenmentmg 
with was A ludlown and not A subpictus Secondly, his observations on the 
1 elation of salinity to the mfectivity of the mosquitoes were vitiated by the 
fact that the patients, on whom these mosquitoes were fed, were at the same 
time being treated with large doses of quinine Bentley (1911) has shown 
that the appaient coirelation which Vogel made out between the lowenng in 
the degree of mfectivity of the mosquitoes under experiment and the lowering 
of the salinity of the watei could, fiom Vogel’s own figuies, be cleaily shown 
to be the result of i educed mfectivity of the patients as the lesult of medication 
with qumme 

Gill (1925) thinks that A subpictus, although susceptible to infection, is 
not a good earner m nature m Punjab, as he considers that this species is 
susceptible to infection with only Plasmodium vivax and not with P falciparum 
and that the time of prevalence of A subpictus does not correspond with the 
time of pievalence of P vwax infection On the othei hand, we have the 
findings of Soesilo (1928) who reports heavy susceptibility of A subpictus 
equally well to P vivax infection as to P falciparum infection Soesilo thinks 
that Anopheles subpictus, although very susceptible to infection, does not play 
any pait m the epidemiology of malana, because, as he thinks, this species is 
a zoophile and does not oidmaiily attack man 


Let us now consider the conditions that pievail m the Salt-water Lake Basin 
In this aiea, malana is practically non-existent and we have a very heavy, 
incidence of A subpictus tluoughout the year It has been piesumed that 
A subpictus bied from salt-water is susceptible to infection, but heie, all the 
A subpictus that occur aie from salt-water and yet the area is free from 
malaria Theie could thus be no support to the view that A subpictus bied 
out of salt-watei are malana transmitters and that those bred out of fresh 


watei aie not Another view is that A subpictus is capable of transmitting 
only teitian malaria and that its apparent innocuousness may often be due to 
tertian infection being scanty oi absent among the population at the time of 'the 


maximum pievalence of this anopheline While this view has not yet found 
general acceptance, it eeitainly does not hold good m the Salt-water Lake 
Basin, as m the areas sui rounding the Basin, tertian infection is by no means 
uncommon Soesilo thinks that the reason for A subpictus not acting as an 
efficient transmitter of malana m nature is because it is a zoophile and would 
not oidmaiily attack man In the Salt-watei Lake Basin, the population 
consists almost entnely of fisheimen who gene.ally do not mamtam many 
cat 0 The land being subject to much flooding, very few cattle, ,f any, stay 

!" th .' ■» «» Pait of the Basm When one finds such heayy 

breeding of A mbp, ctm and a high incidence of adult mosquitoes ,n an area 
with so few domestic animals, it goes without savin? +W a u A 

homophile, at any rate so far as the present area „ concerned The absence 
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of malaria heie is ceitamly not due to any dislike of A subpictus foi human 
blood 

When one consideis the diffeient aspects of the question, there does not 
seem to be any moie acceptable explanation than that Anopheles subpictus is a 
species which is extiemely lesistant to infection with malana paiasites undei 
natural conditions It would be relevant to quote the conclusions of Bentley 
(1911) whose findings ovei twenty jmars ago are so much to the point here — 

‘ 1 That N iossi is natuially refraetoiy to malanal infection 
‘2 But that this immunity may sometimes be bioken down, notably 
under conditions msepaiable from feeding experiments conducted 
with mosquitoes m captivity 

‘3 That theie are stiong leasons foi assuming that N rossi plays no 
part in the spread of malaria in India ’ 

The present field studies m the Salt-water Lake Basin confiim the findings 
of Bentley and show that, undei natural conditions, this species is innocuous 
as legards malaria tiansmission in Bengal 

Absence of Anopheles ludlown in the Salt-water Lake 
One intei estmg point m connection with this area is the total absence of 
Anopheles ludlown, the well known carrier of malaria in spite of conditions 
here being apparently very favouiable foi this species to breed The breeding 
places here aie saline and have much the same saline floia as the typical ludlom 
bieedmg places on othei parts of Bengal, and so fai as can be judged, we can 
find no essential differences between the fishponds of the coastal region of the 
Dutch East Indies m which A ludlown breeds profusely and the ponds m the 
Salt-watei Lake Basin Anopheles ludlown is abundantly common m the 
distiict of Khulna about fifty miles to the east of the Salt-water Lake It also 
occuis at Poit Canning, about 20 miles south-east, at Taki 30 miles to the east 
and at Budge-Budge 18 miles to the west of this area AVhile A ludlown occurs 
m so many places m Lowei Bengal, it is difficult to explain its absence m the 
Salt-water Lake But undoubtedly the piesent situation is very foitunate 
as, in all probability, the healthy area, as we find the Salt-water Lake now, 
would have been intensely malarious if Anopheles ludlown was breeding m the 
^alt and biackish wateis wheie we now have the haimless Anopheles subpictus 
The untei desires to acknowledge his indebtedness to Dr Amritalal Sarraa 
Chovdhuiy, Sub-Assistant Surgeon, Bengal Public Health Department, for lus 
invaluable help in connection with this and other suiveys 
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Explanation op Plate VIII 

The three photographs on top are of three ‘ island ’ villages m the middle 
of the Salt-water Lake Basin 

Bottom A fishei man’s hut m a Salt-water Lake village The people here 
are perfectly healthy The incidence of malaria in these villages is practically 
nothing 
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Appendix 

Malaria survey of the Salt-water Lake Basin 



Number Children c , , 

of with S P 1 . een 

children enlarged p ra ® . 

examined spleen 1 er cent 


Classification of spleen 


F 2 F 3 14 C BU 




Buderhat 


Hedarat 

Hushanpur 

6 P a i k p a r a, Bagir 
Bhen 


Ba9tala, Anandapur 

Madhudaka 

Chowbagha 

Sadaihati 

Khunderat 

Banstala 

Sapgachlu 

Anpota, Dhelenda 

Saherabnd 

Chaprasherabad 

Anantabada 

Bamanghata 


20 Saheborabad 

21 Moulihat 

22 Kalarat 

23 Kalarhhal 

24 Uchhapota 

25 Nazirabad 

26 Golabati 


28 Durgabati 
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Serial 

No 

Village 

Number 

of 

children 

examined 

Children 

with 

enlarged 

spleen 

Spleen 

rate 

Per cent 

Classification 

OF SPLEEN 

PI 

F2 

P3 

F4 

U 


29 

Deorah 

229 

1 


■ 


1 




30 

Nuabad 

183 

0 


■ 






31 

Mukundapur Jagadi- 











pota 

12 

0 








32 

Gharbbanga 

24 

0 


1 






33 

Duttabad 

70 

1 

1 4 


1 





34 

Anandapur 

68 

0 

00 







35 

Kalikapur, 24 Bigha 

14 

0 

00 







30 

Gasrabad Bamanera- 











bad 

26 

0 

00 







37 

Gurerabad 

30 

0 

00 







38 

Seoratola 

54 

0 

00 







39 

Golabari (Nebugola) 

55 

0 

00 







40 

Nabhanga 

67 

0 

00 







41 

Chingrihata 

45 

0 

00 







42 

Maliishabathan 

172 

0 

00 







43 

Nawpatti 

159 

0 

00 







44 

Bajbarantola 

121 

0 

00 







45 

Hatgachha 

251 

1 

04 


1 





40 

K o c li p u Uur, Pas 











elumpara. Hat- 











gacliba 

293 

0 

0 0 







47 

Eli vlmpara 

71 

0 

00 







4S 

Bharamtola 

71 

0 

00 







49 

Baintola 

39 

0 

00 







50 

Kharmbana 

110 

0 

00 







51 

Bablapira (G h ii s 











Khali) 

42 

0 

00 







52 

Thakurdn an 

100 

0 

00 







53 

Hndiapukur, Naskar- 











hati 

47 

0 

00 







54 

Ncnli (Nerarmnthj 

17 

0 

0 0 







55 

Sripbaltola 

38 

0 

00 

i 

• 
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Serial 

No 


56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 


72 


73 

74 

75 
7G 

77 

78 

79 
SO 
81 
82 
S3 


Village 

Number 

of 

children 

examined 

Children 

with 

enlarged 

spleen 

Spleen 

rate 

Per cent 

Cbhaynabhi 

51 

0 

00 

Makhatola 

19 

0 

00 

Bagdoba 

134 

0 

00 

Mamkgunj 

73 

0 

00 

Khojpati 

30 

0 

00 

Khardanga 

87 

0 

00 

Samtola 


0 

00 

Bhatpukur 

25 

0 

00 

Goalpara 

24 

2 

8 3 

Khendwah 

91 

0 

00 

Khardabazar 

42 

0 

00 

Snkhaliati 

33 

0 

00 

Goalban 

19 

0 

00 

Challa 

17 

0 

00 

Baynala village 

80 

0 

00 

Khejurtola 

19 

0 

00 

Geontala 

28 

0 

00 

Kumnrpnkur 

45 

0 

00 

Goaldanga 

59 

0 

00 

Kalikapur 

105 

0 

00 

Ranaputia 

23 

0 

00 

Kantipota 

34 

0 

00 

Panchpota 

67 

0 

00 

Dhelu 

125 

0 

00 

Mirzapur 

47 

0 

00 

Nut an Deorah 

46 

0 

00 

Sontosbpur 

4 

0 

00 

Bnrkola 

25 

0 

00 

| Total 

5,883 

17 

03 


Classification or spleen 


El 


F2 


2 


5 
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A. NOTE ON TWO INTESTINAL PROTOZOA OP THE INDIAN 

MONGOOSE 


BY 


Lieut -Colonel R KNOWLES, ims, 

Professor of Protozoology , 

AND 

Assistant-Surgeon B M DAS GUPTA, 

Assistant Professor of Protozoology , Calcutta School of Tropical Medicine 

[Received for publication, March 2, 1931 ] 


From tune to time laboratory animals of somewhat unusual type are 
brought into the Protozoology Department of the Calcutta School of Tropical 
Medicine and afford interesting material for study In this way we obtained 
a small Indian mongoose {Heipestes auropunctatus) on the 29th January, 
1931 The animal was clilorofoimed, thin and thick blood films taken from 
its heart blood, and the intestinal contents seal died 

No luematozoa weie seen m the blood films [According to Wenyon 
(1926) a Babesia has been descubed from the Egyptian mongoose, Heipestes 
ichneumon by Franca, 1908, and one from the laigei Indian mongoose 
Heipestes edwardsi by Patton, 1910 ] 

In the ccecal contents tlieie weie found immatuie oocysts of a coccidium, 
containing a single lounded unsegmented mass of protoplasm A moist 
chambei piepaiation was put up m a Petn dish, and kept at room temperatuie, 
and the development of the oocysts studied Many of the oocysts went on 
to the development of tvo spoiocysts, each containing four sporozoites The 
oocvsts are ovoid m shape and with a double contour wall They aie illus- 
trated m Plate IX 

The average dimensions of the oocysts were 20 6 ji m length by 17 2 y 
m breadth This paiasite does not appear to be a new species, as the dimen- 
sions fit m with those of Isospoia nvolta (Grassi, 1879), a very common 
parasite of cats and dogs 


J, MR 


( 175 ) 
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Naked eye examination of the small and laige intestine failed to show 
any gioss lesion of the mucosa The Indian mongoose, howevei, should be 
added to the alieady consideiable list of hosts known to haiboui Isospora 
infections 

Cultuies of the ctecal contents weie put up m Row’s haemoglobin-saline 
medium, and also m the livei infusion agar medium lecommended by Cleveland 
and Sandeis (1930) foi the cultivation of Entamoeba histolytica (We have 
found that Cleveland and Sandeis’ medium gives veiy satisfactoiy cultures of 
intestinal flagellate protozoa) The cultuies were incubated at 37°C After 
48 hours theie was a lich growth of a typical Trichomonas, having four 
anterior flagella 

This organism is lllustiated, as seen m films fixed ovei osmic-chromic acid 
and stained by Giemsa’s stain, m Plate X The four anterior flagella beat 
in unison, whilst the undulating membiane has an entnely diffeient lhythm 
In some individuals the axostyle is veiy piomment, whilst some also show 
the basal ciescentic fibnl of the undulating membiane veiy well No cysts 
weie seen at any tune 

Again, theie seems no necessity foi ci eating a new specific name foi this 
paiasite, but the Indian mongoose must now be added to the alieady extiemely 
extensive list of hosts of Tuchomonas infection 

We aie much indebted to Mi H Roy, aitist at the Calcutta School of 
Tropical Medicine, for the two accompanying lllustiations 
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INDIAN EPHEDKAS THEIR CHEMISTRY AND 
PHARMACOLOGY 


BY 


Lieut -Colonel R N CHOPRA, ma, md (Cantab ) , i m s , 
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(Indian Indigenous Drug Series No 25 ) 

[Received for publication, March 2, 1931 1 

In tlie years following the discoveiy of ephednne m 1887, though it 
received a fair amount of attention from the chemical point of view yet the 
practical intei est in it remained small till the year 1924, when Chen and 
Schmidt brought out some of its hitherto unknown pharmacological properties 
arising particulaily from its relationship with adienalm Now that ephednne 
has established itself as one of the drugs for the cuie of asthma and the 
allied diseases it became a matter of pharmaceutical and commercial importance 
to seal ch for suitable souices for its supply, as till recent yeais, it was 
consideied to be one of the drugs that was difficult to obtain It was from 
this point of view that the study of the Indian ephedras was taken up 
Recently, however, an extensive trade m the crude drugs has been established 
between India and the foieign maikets, and ephedra is no longer such a rare 
herb as at one time it w as supposed to be 

At least three groups of ephedra species have been studied for their active 
constituents (a) the Asiatic group consisting of E vulgans and its varieties 
and E distachya , (b) the Euiopean group, E vulgaris variety Helvetica, and 
[c) the American group consisting of six or more species found m southern 

( 177 ) 



178 


Indian Ephedias 


California and Mexico None of the American species have been found to 
contain the alkaloid to any appreciable extent, but the Chinese plant E vulgaris 
contains the alkaloid ephedrme and the European plant yields an alkaloid, 
isomeric with ephedrme, which has been named pseudo-ephedrme 

Up to the year 1928 ephedime had only been found in any quantity in the 
Chinese plant, hence the major portion of the drug came from that countn 
But owing to the distuibed conditions that were pievalent theie m 1926-27, 
interest was taken m its supply fiom India In l espouse to an enquiry fiom 
the Wellcome Research Laboi atones, England, samples of Ephedra intermedia 
were sent by the Conseivatoi of Foiests, Kashmn, both to England and to us 
for analysis, but the results obtained weie not very encouraging because of 
the low yield found m these specimens (about 0 2 per cent) The alkaloid 
content of the Chinese M a- Huang is supposed to vary from 0 018 pei cent to 
1 32 per cent, and the two factois that aie conti lbutoiy to these differences 
aie the question of seasonal vanation and the influence of altitude (Feng and 
Read, Chin Jom Physiol , 1928, II, 1, p 87) Search was, theiefore, made for 
other Indian species of ephedia that may yield highei quantities of the alkaloid 
Ephedra intermedia, E Geiardiana and E nebi odensis fiom vanous places m 
noithern India (Bashaln Division, Baluchistan, Chakiata, Daijeeling, Hazaia, 
Kashmu, Kangia, Kagan, Kulu, Trans-Fiontiei teiritory, Wazmstan) have 
been analysed, and the lesults obtained indicate that ephedias growing m the 
drier legions of Noith-West India contain a high peicentage of the alkaloid, 
and m many cases have shown a higher alkaloidal content than the Chinese 
species lecorded by Read and Feng In Indian ephedras, as a rule, E nebro- 
densxs is the richest m ephednne content and E intei media the poorest and the 
highest ephednne content found is 1 93 pei cent In Indian ephedras the 
alkaloid content does not mciease with the altitude of the locality wheie the 
diug grows but is influenced to an appieciable extent by wetness of the locality 
These points will be discussed moie fully in later parts of this work 


Botanical description 

The genus Ephedra belongs to a small but highly developed famih 
(Gentacese) of gymnosperms, which aie chai actenzed by naked ovules not 
enclosed in an ovary There aie 30 or more species widely distributed m 
Central and Western Asia, the Mediteiranean Region, the Atlantic Islands, 
the Southern States of North America, the Andes from Ecuador southwards 
to Patagonia and the Eastern Aigentme Read and Liu have given an excellent 
map shoving geographical distubution of ephedras all ovei the woild in the 
Journal oj American Phai maceutical Association, XVII, p 343 They are all 
rigid, usually much branched, elect or climbing shrubs with scale-like, or rarely 
filiform or subulate connate leaves in alternating whorls of 2, larely 3 or 4, 
sometimes reduced to sheaths Flowers are small and unisexual and are 
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aggregated togethei m few or many-floweied short spikes They may be 
monoecious 01 dioecious 

The drug is expoited m two foims, eithei tightly compressed mto bales, 
or loosely packed, m this latter form it consists of entile branches which are 
usually attached to the oldei stem The mam stems are haid and woody, 
wnnkled longitudinally and covered with cork of a cinnamon brown colour, 
and have a diametei of 0 05-0 16 inch From the mam branches numerous 
smallei branches of a similar colour arise, and fiom these the nanow glaucous 
gieen stems, which piovide the bulk of the drug, aie produced Since the 
gieen blanches anse from about the same height on the mam stem, the whole 
plant commonly has a tufted appeal ance, but fiequently some of the moie 
robust branches again branch at each node The small green branches vary 
m length from 5-18 inches, the internodes being 0 5-2 5 inches 

Brandis (Indian Trees, 1906, p 686) lecognizes 5 species occurring m 
India, viz , E fohata Boiss, E Geraidiana Wall (Syn E vulgans Hook, F , m 
Tlora of British India, V, p 640) , E nebi odensis Tmeo, E intermedia Schrenk 
and Meyei, and E pachyclada Boiss Of these E nebrodensis Tmeo does not 
seem to difter from E Gei ardiana Wall by any well marked character and is, 
therefore, sometimes included m the lattei Similaily E pachyclada Boiss 
is consideied synonymous with E intermedia Schrenk and Meyer 

E nebi odensis is said to occui m the jumper tracts of Baluchistan 
(7-10,000 ft ), Balti and Lahoul m India In this connection it is interesting to 
note that the percentage of ephednne found m E Geraidiana, collected both m 
Lahoul and Indus temtoiy, is very much higher than the peicentage found m 
samples of E Geiaidiana\ collected fiom other localities such as Chakrata, 
Kashmn, Hazaia, etc 


Table I 

Showing the difjeience m the ephednne contents of E Geraidiana and 

E nebi odensis 



E Gerardiana 

E nebrodensis 


Chakrata, 

TJ P 

(Ephcdrino 
per cent ) 

Baramula, 
Kashmir 
(Ephednne 
per cent ) 

Phan, 

Tibet 

(Ephednne 
per cent ) 

Eazmak, N 
Vi aziristan 
(Ephednne 
per cent ) 

Shingarh, 
Baluchistan 
(Ephednne 
per cent ) 

Lahoul, 

Kulu 

(Ephednne 
per cent ) 

Jtaj Tunc 

0 56 

0 39 


143 


1 60 

October 

0 69 

0 54 

0 1 


1 32 

1 93 


l.m.t m Sikkim,' vlieie E ..etrota J^Vs^pctd T„ ? 

1 lie, cent vlule the Lahoul sample gave as high as 1 93 It ,s“fc,e£ote < ! 
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possible that in tins case we aie dealing with 2 distinct species E nebrodenm 
Tmeo having a highei ephedune content, and E Gerai diana Wall with a lower 
percentage of ephedrme E nebrodensis which is sometimes included in the 
species E Geiai diana should, m the opinion of the systematic botanist at the 
Foiest Research Institute, Dehra Dun, be regaided as a distinct species 

The following analysis of the species is based on Mi R N Parker's 
diagnosis in his Forest Flora of the Punjab and Hazaia — 

Tall scandent slnubs with slender branchlets E fohata 

Rigid eiect shrubs with usually many stems from a 
stout root stock 

Male spikes 1-3 together at the nodes, mternodes 

smooth oi slightly rough, rathei slendei E Gerai diana 

Male spikes m dense whorls at the nodes, mternodes 

lough, stoutei E intei media 

E fohata Boiss — Vein Kuchar, Punjab — A tall much branched shrub 
climbing ovei bushes and looking like ceitam species of Calligonum Stem 
woody, about 3 inches diameter, baik on the blanches exfoliating m fibrous 
shreds, blanches slender, usually fascicled, bianchlets filifoim, dull green in 
coloui , mtemodes f-4 inches long Leaf-sheaths veiy short with 2 triangular 
oi lmeai teeth longer than the sheath and often piolonged into narrow linear 
leaves which may sometimes be up to 1 inch long Male flowers in sessile or 
peduncled bracteate spikes which may be solitary or 2-3 togethei , flowers 
6-24 m each spike, biacts lounded, obtuse Anthers 3-4 Female spikes 
pedunculate, often m small terminal cymes Fiuit ovoid 0 3 inch long, seeds 2, 
dark coloui ed 

Distribution — Baluchistan, Sind, Kuriam Valley, Punjab plains, mainly 
m the southern portion, Salt Range up to 3,000 ft 

E Geiai diana Wall — Syn E vulgaris Hook, F , in FI Br Ind , V, p 640, 
Vein Tutgantha, Jaunsar — A low, rigid, neaily erect shrub, usually 1-2 ft 
high, stems up to 1 m diametei, bianchlets slender, green, finely grooved, often 
curved, mternodes 0 5 to 1 5 inch long by about 0 05 inch-0 1 inch diameter, 
stnate, smooth or slightly scabnd on the ridges Leaf-sheaths 0 08 inch long, 
2-toothed Male and female flowers m spikes, usually on separate plants 
Male spikes sohtaiy oi m pairs, rarely m whoils of 3, floweis 4-8, filaments 
united m a column piotrudmg fiom the penanth, antheis 5-8, female spikes 
solitary, floweis 1-2, each consisting of a single erect, sessile naked ovule 
Fiuit ovoid, 0 3 mch-0 4 inch long, sweet edible, led when ripe 

Distnbution — Hanab District, Kunam Valley, 11,000 ft Himalaya 
8-14 000 ft, also m the mnei and tiacts, ascending m Sikkim to 16,500 ft 
E intei media Sclnenk and Meyei — Syn E pachyclada Boiss Vein 
Hum , Trans-Indus — A small eiect slnub often glaucous, mternodes 1-2 5 inch 
long by 0 08-0 16 inch m diametei, usually moie or less rough to the touch 
when div Leaf-sheaths 0 15 inch long or a little less, 2-toothed Male and 
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female flowers m spikes usually on sepaiate plant Male spikes numerous m 
dense wlioils at the nodes, flowers about 8, filaments united m a column 
piotiudmg fiom the perianth, antheis 5-6 Female spikes often whorled at 
the nodes, floweis 2 Flint 0 3 inch long, ovoid, red when upe 

Distribution — Baluchistan, N -W Himalaya, chiefly m the inner aild 
valleys, Chitral 4-5,000 ft on diy locky slopes, Gilgit, Zanskai Upper Chenab, 
Kunawai 6-9,000 ft 

Both E Gerardiana and E intermedia are sometimes confused with 
Equisetum — a non-flowenng plant, but the lattei is never woody, its stems 
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aie hollow and the leaves which aie reduced to the teeth of a sheath are more 
numerous and at the apex embrace the mternodes next to the one from which 
they anse 

Distribution of Indian Ephedras 

The following table and the Map show the distribution of various species 
of ephedia growing m India — 

Table II 

Indian Ephedras ( Gentacecc ) ( Habitat ) 

Species Locality Authority Remarks 


E foliata Bombay and Plains Foiest flora of Bombay 

of Sind, Salt Range Picsidency and Sind 

up to 3,000 ft Punjab, by Talbot, Vol IT, 

Rajputana often giega- p 541 
nous, etc , on the bar 
len desert 

E pcdunculans (E Punjab, Rajputana and Flora of British India 

foliula) Sind by Hook, F , Vol V, 

pp 640 and 863 

IS intermedia (Schrcnk Kashmir Flora of Bntish India 

and Meyer) by Hook, F , p 863 

E vuVjarv> Rich N W Diy ston> lulls Forest Flora of N -W Svn E Gerardiana 

of Afgh a n l s t a n, and Central India bv 
Baluchistan, inner and Brandis 
and intermediate 
H i m a 1 aya, Jhelum, 

Chfenab and Sutlej 
7,800 to 12,800 ft 
West Tibet to 16,000 ft 
inner K u m a o n and 
inner Sikkim and 
adjoining p a l t s of 
Tibet 

E (hroidxana Kumaon Occurs along A Flora of Kumaon by Syn E vulgaris 

the main Himalajan Osmaston 

range between 6,500 ft 
to 14,000 ft Very 
common on the inner 
dry langes bordering 
Tibet where it grows on 
open exposed shingly 
slopes or among 
rocks 

Do North Garluval Divn Descriptive List of Trees 

C Almora, E Almora and Slnubs between 

Very common tho Ganges and the 

Serda Bners by ► 

Osmaston 

Do Alpine Himalayas and Flora of British India by 

Western Tibet and Hook, F , Vol V, 

Sikkim pp 640 and 863 

Temperate and Alpine 
Himalaya and Western 
Tibet m the drier 
regions 7-12,000 ft 
12-16,000 ft in Sik- 
kim 
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Table II — concld 


Species 

Locality 

Authority 

Remarks 

Varieties — 


Flora of British India by 
Hooker, Vol V, pp 640 
and 863 


Var allichii 

Western Tibet, Kimauar, 
Garhwal and Kumaon 


Var B saxalilia 

Garhwal and Kumaon 

(lo 


Var R SiUiimensis 

Sikkim 

do 


E nebrodensi s (Tinco) 

L a h o ul and Western 

do 

Usually classed with 

Var procera 

Tibet 


E Gerardtana 

E jmchyctodo 

Garhwal From Garhwal 
Westward ascending to 

do 

Syn E intermedia 


15,000 it 


Var glauca 
Var TtbcUca 


Mongolia to Kashmir do 

Afghanistan border do 

Western Tibet, Dist 
Afghanistan 


Behar and Orissa 


Botany of Behar and 
Orissa by Baines 


Ephedras not found 


Northern Berar Forests 


Central Provinces 


Descriptive Botanical 
List, Northern and 
Berar Forest Circles, 
C P , by Witt 

Desci lptive List of 
Trees, Shrubs and 
Economic Herbs of the 
SCCP by Haines 


do 


do 


Chota Nagpore 


Gangetio Plains 


United Provinces, 
Eastern Circle 


Chittagong and Hill 
Tracts 


Darjeeling Dist 

Bengal 

Uppor Assam and 
Khashi Hills 

Nilgm and Pulnev Hill 
tops 


A Forest Flora of Chota 
Nagpore by Haines 

Flora of the Upper 
Gangetic Plain, Pts I, 
II and III, bv Dathie 

Descriptive List of Trees 
and Shrubs of E 0 , 
U P , by P C Kanjilal 

List of Plants ol the 
Chittagong and Hill 
Tracts by Heinig 

Trees, Shrubs and Large 
Climbers found in the 
Darjeeling Dist bv 
Gamble 

Bengal Plants by Pram 

Preliminary List of 
Plants of Upper Assam 
including Khashi Hills 
by U N Kanjilal 

The Flora of the Nilmn I 
and Pnlney Hill tops 
oy Pyson 


do 

do 

do 

do 

do 


do 

do 


do 
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Extraction, estimation and assay 

Although the alkaloid ephedime was isolated as eaily as 1887 it was not 
till lecently, when its theiapeutic value became known and its demand m the 
market increased, that greater attention was paid to the methods of its extinc- 
tion and assay Feng and Read ( Joui Amer Phaim Assoc, 1927, XVI, p 1034) 
have made a cutical study of the various methods of assay foi ephedias This 
study was taken up because of the two peculianties m ephedime that had 
been noticed, firstly that ephedime is a stionger base than ammonia and 
secondly that when ephednne is shaken out with ammonia and chloioform 
theie is a reaction so that the hydroehlonde is obtained instead of the fiee 
alkaloid Hence the need foi levismg the U S P belladonna method became 
appaient Feng and Read fiom then expenments concluded that unless a very 
large excess of ammonia is employed it will not completely libeiate the alkaloids 
from the acid solution In oui preliminaiy work we also employed the U S P 
belladonna method, but weie unable to obtain concoidant results of titiation 
Investigation levealed the fact that when the chloiofoim solution of the drug 
is evapoiated, an appieciable amount of it is simultaneously conveited into its 
liydiochlonde This conversion is not always uniform, hence the discordance 
m the titiation lesults noted above This observation was first made by 
Peteison ( Ind Eng Chein , 1928, XX, p 388), who found that the action of 
chloiofoim on ephednne is not quantitative, and that ephednne hychochloiide 
may or may not be fonned when the base is dissolved m chloioform and the 
solvent is allowed to evapoiate In view of its nnpoitance m the assay 
method, the leaction has now been studied m gi eater detail Quantitative 
expenments show that piolongecl contact of chloiofoim with ephednne at room 
tempeiature (15°-18°) lesults m its conversion into liydiochlonde to the extent 
of 42 pei cent, and that the leaction is acceleiated by heat, and letaided by 
small quantities of alkali caibonates Othei chlorinated compounds, such as 
caibon tetiachlonde, tetiachloioethane, and dichlorcethylene, also jeact much 
m the same way This conveision of the base into its liydiochlonde takes 
place not only with the natuial ephednne, but also with the synthetic piepaia- 
tion ‘ ephetonme ’ It is difficult to explain why Feng and Read ( loc at ) and 
Cliopia and his collaboiators ( Ind Joui Med Res , 1928, XV, p 889) failed 
to effect this conversion of ephednne into its hydroehlonde on treatment with 
chloroform Besides this conveision, a considerable amount of decomposition 
of the alkaloid takes place, benzaldehyde being one of the pioducts It is 
evident, therefoie, that chloiofoim cannot be legaided as a suitable solvent 
foi the extraction of ephednne Etliei, m fact, is moie satisfactoiy (Moraw, 
Jow Amo Phaim Assoc, 1928, XVII, p 431) 

Objection has been laisecl by Feng and Read ( loc cit) to the use of 
ammonia foi cxti action of the alkaloid on the ground that it does not com- 
pletely libeiate ephednne fiom its acid solutions It has been found during 
the piesent voik that ammonia is just as effective as sodium and potassium 
carbonates, piovided the aqueous solution aftei alkalmization is saturated v ith 
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common salt to 1 educe the solubility of the base m water This is shown by 
the following expeuments 


Alkalinization with ammonia 

Ephedime hydiochloiide (0 4107 g) was dissolved m 50 c c of watei, 
made alkaline with ammonia, and satuiated with common salt The mixture 
was then extracted with foui successive portions of ethei, 25 c c each On 
removal of the solvent by distillation, the lesidue was dissolved m excess of 
0 1 N-hydio chloric acid and the excess titrated with 0 1 N-sodium hydroxide, 
with methyl oiange as mdicatoi The amount thus found was 0 410 g of 
ephednne hydrochloride Similar lesults weie obtained when either alkali 
caibonate or sodium hydroxide was employed in place of ammonia 

The method of exti action that has given the most satisfactory lesults 
consists m cold extraction of the finely powdeied diug with a mixtuie of ether 
and chloioform, rendered stiongly alkaline with ammonia This piocess not 
only obviates the difficulties involved in the process of extraction with cold 
alcohol by pei eolation, but also eliminates, more or less completely, the red 
colounng matter which is piesent m the stems of the Indian ephedras Before 
pioceedmg with this method it was necessaiy to settle one point and it was 
whethei chlorofoim, even when diluted with ether, should at all be employed 
for the extraction of the drug since it converts ephednne into its hydrochloride 
on piolonged contact The following exti actions weie made m this connection 
(a) with the usual ethei -chloroform mixture (3 parts ethei and 1 part chloro- 
form) plus ammonia, and (£>) with ether and ammonia only, subsequent opera- 
tions being the same m both the cases The following results were obtained — 


Table III 



Total alkaloids 

Ephednne 

Ether Chloroform 

1 45 

0 91 

Ether 

_ 

1 32 

0 90 


It becomes endent, therefore, that duimg the course of extinction chloro- 
form when diluted with 3 times its volume of ether does not convert ephednne 
into its hydiochloiide especially m an alkaline solution and can be employed 
vith pei feet safety m assav of the diug P y 


Method or extraction and assay 

In examining tlic Indian cphed,as foi then ephednne content the f ll 
method of assay nas finally adopted as the most smtable n ? 
grammes o, a, r -d„ed (contain, „ E about 5 pe, cent „ f motte^d “fitly 
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powdered green stems of the drug wexe treated with 400 c c of a mixture of 
3 paits of ether and 1 part of chloroform After keeping for 2 hours, 50 cc 
of ammonia (3 parts of 0 880 ammonia and 1 pait of water) were added and 
the mixture was thoioughly shaken and kept overnight The extract was then 
filteied and the lesidue treated twice m the above manner The combined 
extiacts were distilled to lemove the bulk of the solvent, and the residue was 
exti acted with portions of 75, 60, 60, and 50 c c of 1 5 per cent hydiochloric 
acid The combined acid extiact was filteied, made stiongly alkaline with 
potassium carbonate, and almost satuiated with common salt The alkaloids 
thus libei ated weie extracted four times with ether The ethei solution was 
filteied through absorbent cotton, previously soaked m ether The bulk of 
the ether was then distilled and the residue allowed to evaporate at room tem- 
peratuie Excess of 0 1 N-hydrochloric acid ivas then added to the lesidue 
and the excess titiated with 0 1 N-sochum hy dioxide, using methyl oiange 
as mdicatoi Fiom the titiation values the total amount of the alkaloid 
piesent was calculated on the basis of pure ephedime * 

The alkaloids were again extracted with ethei from the above solutions 
that had been titrated, after alkalmization- These were then conveited into 
then hydiochlorides by tieatment with alcoholic hydiochlonc acid The hydro- 
chlorides weie dned over calcium clilonde and caustic potash m a vacuum 
desiccator and, finally, ephedune hydrochloride was isolated from the mixed 
hydioclilondes by tieatment with dry chloioform, m wdnch the former is 
practically insoluble The puie ephedune hydrochloride obtained m this 
manner was dried and weighed The lesults given m the following table aie, 
therefore, based on the weight of ephedrme hydiochloride actually isolated 
from the ciude drug The results of analysis of two samples of Chinese ephedra 
( Ephedra eqmsitma and E Simca ) kindly supplied by Piof B E Read, of 
Peking Union Medical College, w r ere also analysed undei identical conditions, 
and the results obtained are included m the following table, foi comparison 


Variation of the alkaloid due to species 

The distribution of ephedra m the world is fairly wide and there are many 
species known of this plant, but the active principle is found only in a few 
The American species usually do not contain any ephedune, the European 
plant yields an isomeric substance pseudo-ephedrme, the Chinese and the Indian 
species contain both ephechme and pseudo-ephedrme But the amount of any 
one of the two alkaloids depends upon the species A detailed study of this 
has been made in the case of Indian ephedras and it has been found that in 
general E into media is poor and both E Gerardiana, and E nebrodensis are 
comparatively richer in ephedrme content The following table gives the total 
alkaloid and the ephedime peicentage of these three species collected from 
different localities at about the same time of the year It is unfortunate that 
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Species 

Locality of collection 

Month of 
collection 

Total 
alkaloids 
Per cent 

Ephedrme 
Per cent 

Ephedra johata 




0 03 

Nil 

E miermedta 

Razmak (N W Frontier Wa7iris 

Aug 

1028 

0 17 

0 11 


tan) 






Datakhel (N W Frontiei Wazins- 

Sept 

1928 

0 12 

0 09 


tan) 






Shingarh (Baluchistau) 

Sept 

1929 

0 42 

0 19 


7arghat ( do ) 

Sept 

1929 

0 90 

0 48 


Pangi (Bashahr) 

July 

1929 

1 62 

0 07 


Spiti (Itangra) 

June 

1929 

1 20 

0 05 


Gilgit (Kashmir) 

July 

1929 

0 67 



Niabat Astoi (Kashmir) 

July 

1929 

0 75 

0 08 


Kargil (Kashmir) 

July 

1929 

1 17 

0 05 


Chmi Range (Bashahr Division) 

May 

1929 

2 33 

0 38 

E Gerardwna and E 

Razmak (Wazuistan) 

May 

1929 

1 97 

1 43 

nebrodensis 





Shahidum (Baluchistan) 

Aug 

1929 

1 40 

0 98 


San ( do ) 

Aug 

1929 

1 31 

0 90 


Shingarh ( do ) 

Aug 

1929 

1 67 

1 12 


Zarghat ( do ) 

Sept 

1929 

1 34 

0 96 


Narang (Kagan) 

Aug 

1929 

1 93 

1 30 


Dhattamulla (Kashmiri 

Aug 

1929 

122 

0 68 


Pliari (Tibet Frontier) 

Nov 

1928 

0 29 

0 10 


Chakrata (Simla Hills) 

Nov 

1929 

0 93 

0 72 


Hazaia (N W Frontier Piovince) 

May 

1928 

0 74 

0 48 


Baramula (Kaslimn) 

Nov 

1929 

1 28 

0 80 


Lahoul 

Oct 

1929 

2 79 

1 93 


Plas Kolustan (Trans-Frontier; 

Sept 

1928 

1 14 

0 84 


Kagan Valley (Hazara) 

July 

1928 

1 83 

1 23 


Kagan (Hazara) 

Oit 

1929 

2 15 

1 52 

r equi'ilnia 

F Smkci 

China 



1 58 

0 98 

China 








1 28 

0 63 
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figuies foi all the samples aie not available foi the months of Octobei and 
Novembei, when the ephedrme content is highest Most of the samples, lecoided 
m Table V were obtained fiom pnvate collectois and foi the sake pf convenience 
the months of July and August weie chosen These months, hcjwever, do not 
give the ideal conditions for companson, as the influence of r&mfall on the 
alkaloid cannot be neglected, especially m localities (viz, Chakiata) wheie 
the lamfall m these months is high This point has been discussed moie fully 
m anothei pait of this papei 

From the figures given above it is cleai that the variation of the alkaloid 
in the three species is very maiked The difference is not so gieat, as far as 
the total alkaloid is concerned, but it is well marked m the piopoition of 
ephedrme to the total alkaloids In general, Ephedi a neb') odensis and 
E Geraidiana appeal to contain about 60-70 per cent of ephedrme m the total 
alkaloids and E intermedia about 10 pei cent The only exception to this is 
the E intei media obtained fiom Baluchistan, which contains a compaiatively 
low peicentage of the total alkaloids but a high piopoition of ephedune 
Ephedia intei media contains, as a lule, a piopoitionately high peicentage of 
pseudo-ephedune, and this is paiticulaily the case with E intei media fiom 
Chim Range, Bashaln Division, Punjab The lesults foi the piopoition of 
ephedune m total alkaloids as lecoided in this papei aie slightly different from 
those obtained by Read and Feng ( Joui Amer Pliai Assoc , 1928, XVII, p 1189) 
for Indian ephedras, wlieie E intei media is shown to contain 30-40 
per cent of the total alkaloids This diffeience may be explained as due td 
diffeient method of estimating the amount of ephedrme In this paper, the 
percentage of ephedune given is based on the weight of ephedrme hydrochloride 
actually isolated fiom the ciude plant and not on the piobable peicentage of 
the base indicated by the biuiet leaction, developed by Read and Feng {Chin 
Jour Physiol, 1927, I, p 397) Foi pui poses of comparison, m the following 
table the quantities of alkaloids found m the Chinese, Amencan and Indian 
ephedias are given — 
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rge.i 
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2? nebrodensis 

2 79 

1 93 

E Gerardiana 

2 16 

152 

E intermedia 

2 33 

0 40 

1 8 

E foliata 

0 03 

Nil 

Nil 

Chinese 

(5) (6) 

E e/jitisitma 

1 754 

1679 

0 264 

E Simca 

1 315 

1 118 

0 263 
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(7) Krishna and Ghosh (1929) Jour Soc Chern Ind , XU, p 67 





R N. Chopi a, S Knshna and T P Ghose 
Assay of ephedras reported by different workers 


'191 


Species 

Total alkaloids 
pel cent of 
crude drug 

Ephednne 
per i ent 
of the total 

Author 

Ma Hmm j 

0 31-0 40 


Nngiu 


0 02-0 09 


Chen 

>» 

0 30 


Masucci and Suto 

>> 

0 40-0 86 


Rchoet/on and Needham 

I 

>> 

0 64-1 43 


Williams 

E ejiusitina 

1 75 

85-90 

Feng and Read 

E Smica 

1 32 

80-85 

>9 

E vulqaris 

1 02-1 27 

50 

Chopra and Dikshit 

» 

1 65-1 70 

70-80 

Read and Feng 

E pachydada 

180 

30-36 

Chopra and Dikshit 

>» 

1 16 

30-40 

Read and Feng \ 

E intermedia var Tibchca 

0 25-0 60 


Chopra and Dikshit 

E intermedia 

2 33 

16-20 

Krishna and Ghosh 

E Gcrardiava 

2 56 

60-65 

» 

E nehrodensts 

2 79 

65-70 



ii/ject oj altitude 

- :!r *. no . Jgfzzrxz Z:z “r ■**- 
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Table VII 


Species 

Locality 

Long E 

Lat X 

Altitude 
in feet 

Average 

total 

alkaloid 
Per cent 

Ephedrine 
Per cent 


Dbattamnlln (Knshmu) 

74-75 

34-35 

4,700 

1 15 

0 65 

CO 

CO 

Hazara 

73-74 

34-35 

6,800 

0 70 

03S 

S2 

Chakrata 

77-78 

30-31 

6,885 

0 63 

045 

rO 

V 

si 

Zarghat (Baluchistan) 

| 66-67 

29-30 

8,000 

120 

0 80 

63 

ftazmak (Wazinstan) 

71-72 

31-35 

8,500 

146 

0 90 

r g 







5 

San (Baluchistan) 

66-67 

30-31 

9,000 

130 

085 

§ 

Kagan 

73-74 

34-35 

10,000 

190 

120 

k 

Qi 

Phan (Tibet Frontier) 

89-90 

27-28 

12,000 

0 29 

010 

CS 

PI as Kohistan (Trans 

73-74 

35-36 

15,000 

I 14 

084 

e? 

Frontier) 







Lahoul 

76-77 

32-38 

15,500 

2’56 

160 


Gilgit (Kashmir) 

7^-75 

35-36 

4,890 

0 6’’ 



Niabat Astor (Kashmir) 

74-75 

35-36 

7,800 

0 76 

0 08 

t5 

i 

Spiti (Kangra) 

77-7S 

31-32 

8,000 

1 30 

0 07 

s 

c 

a. 

Zarghat (Baluchistan) 

66-67 

29-30 

8,000 

0 80 

0 45 


Phangi (Bashahr) 

78-79 

31-32 

8,500 

1 62 

0 07 

S3 

Kargil (Kashmir) 

76-77 

34-35 

8,733 

1 17 

0 05 


Shingarb (Baluchistan) 

67-68 

31-32 

9,000 

0 38 

017 


Effect of rainfall 

The one factor that has been noticed is that the rainfall of the locality 
here the ephedras grow seems to have a certain connection iuth the ephedrine 
content of the plant The greater the annual rainfall the smaller is the 
alkaloidal content Not only does the annual rainfall affect the average 
ephedras content, but an occasional heavy shower lowers the ephedrine conten 
considerably But the effect of an occasional heavy rainfall is only temporary 
ns the ephedrine content rises again under favourable conditions and reaches 
its mavimum, depending upon the average annual rainfall This point has 
been fully discussed under * Seasonal variation ' 
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Table VIII 

The effect of rainfall on the ephednne content of Indian ephedras 


Locality 

Average 

annual 

rainfall 

Inches 

Average 
total 
alkaloids 
Per cent 

Average 
ephedrine 
Per cent 

Kagan 

3-10 

1 90 

1 20 

Razmak 

20 

1 46 

0 90 

Kashmir 

32 

1 15 

0 65 

Baramula 

45 

0 90 

0 52 

Chakrata 

75 

0 63 

0 45 


Graph 1 



Seasonal variation 


It Ins been shottn abote that the altit 
ephedras 6 roa has no connect™ ruth the afc 


the locality where the 
content of the drug and 
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that the hig.li rainfall m the locality has a tendency to lower the ephedrme 
content In oui work on Indian ephedra we have also noticed that the amount 
of ephedune found m the plant varies with the time of the year when the 
collection is made To study the seasonal variation of the alkaloidal content 
in ephedras monthly collections of the three species were obtained from 
diffeient localities m India and assayed The first collection was made m the 
month of April, when the plant brings out new sheets, and was carried on 
through the months when it flowers, till its nature period m October-November, 
after which it begins to show signs of withering 

Read ( Chin Jour oj Physiol , 1928, II, 1, p 94) fiom his experiments 
on Chinese ephedras has concluded ' that there is a progressive increase m the 
content of ephedrme m Ephedra Sinica and E equisitma,' so that from spring 
to autumn there is an increase of about 200 per cent This strongly supports 
the old Chinese custom of collecting the chug in the autumn’ From the 
results recorded m Table IX, it is evident that the variation of the alkaloid 
from April to November m the Indian ephedras is not so great, npr is the 
vanation so uniform and legulai with each month, as shown by Read In 
all the cases studied the ephedune content decreases beginning with the month 
of May and steadily goes down during the lainy months till it strikes a lowest 
point m August Fiom this point onwards the alkaloid increases till it 
reaches its maximum m Octobei -November and then it falls again dunng the 
cold months The fall m the alkaloidal content dunng May-August in 
Indian ephedras cannot be attributed to anything except the climatic condi- 
tions For example, the rainfall of the locality appeals to affect the ephedune 
content The heaviei the rainfall the lower is the alkaloidal content, so much 
so, that if a collection is made soon aftei a heavy rainfall the alkaloidal 
content is found to be exceptionally low Such cases have been observed m 
many places, for instance m Kagan m Hazaia wheie, m September, collection 
of the chug was made after a continuous heavy lamfall, consequently it 
shoved a veiy low ephedrme content Similarly m case of Chakrata the 
cumulative effect of heavy lamfall in July and August is marked by a lower 
peicentagc of ephedrme in the August and September collections In places 
like Kagan and Lahoul, where the snow fall takes place early m November, 
the maximum ephedune content is attained in October, on the other hand in 
places like Ohakiata, Baiamula, and Chini, the maximum is leached in 
Noi ember Somewhat similar conclusions have been drawn by Chopra and 
Dutt {Ind Jour Med Res, XVII, 3) from their scanty data on Kashmir 
ephedras and they recoicl ‘that the amount of the total alkaloids giadualh 
mci eases during the summer months but falls somewhat during the rainy season 
It goe<; up again and attains its maximum m autumn and then it begins to 
fall again ’ This is quite evident from the figures given for the total alkaloid 
and for ephedrme percentage in Table IX, but it becomes more pronounced 
when the percentage of ephedrme m the total alkaloid is plotted against the 
months of collection 
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(1) Samples were collected during the first week of the month 

(2) Samples were collected on the 2nd day of the month 
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(3) Samples were collected on. the 1st day of the month Kagan has no meteorological station, rainfall data is theiefore approximate 
(4 Practically no rainfall from June to October From October it snows 
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(5) Samples were collected during 4th week of the month 

(6) Samples collected on 1st day of the month, average rainfall for Kilba (Chiru Range) which is the nearest meteorological station to Chini is 



Indian Ephedias 
Graph 2 


Seasonal variation of the percentage of Ephedrme in total atlal&d content of Indian ephedras 



April May June «!)uty 


Effect of storage 

A point of industrial interest that has also been studied is the effect of 
storage on the ephedrme content of the drug From the results of the analyses 
given m Table X it appears that if the drug is thoroughly air dried and stored 
m a dry place to prevent bacterial growth, it can be kept for a sufficiently long 
period without any diminution m its ephedime content 

Large scale extraction 

The limited use of ephedrme is to some extent due to its high price 
(Rs 55 an ounce m 1928-29, about Rs 30 m 1930) and if by any means prices 
could be brought down, it will probably find a wider use m medicine The 
difficulty that has hitherto attended its extinction has been the fact that the 
alkaloid is decomposed by heat and is easily transformed m contact with acids 
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Table X 


The efject oj storage on the ephedrme content of ephedras 


Description 

Date of collection 

Dates of analyses 

Total 

alkaloid 

Per cent 

Ephedrme 
Per cent 

E intermedia fiom Cliini 

Not 

1028 

Maicli 1929 

2 08 

0 50 




Dee 

1929 | 

1 99 

0 48 

E G era's d i ana from 

June 

1928 

Aug 

1928 

0 86 

0 55 

Kashmir 



June 

1929 

0 76 

0 47 


__ - 


Dec 

1929 

0 83 

0 60 

Do 

Oct 

1928 

Nov 

1928 

0 93 

0 63 




June 

1929 

1 01 

0 67 




Dec 

1929 

0 92 

0 60 


into the isomeric alkaloid pseudo-ephedrme In oidei to prevent its formation 
it is usual, therefore, to extiact the diug by chloiofoim, alcohol or ether m the 
cold Complete recovery of these solvents, aftei exti action, is nevei possible, 
hence the loss m the solvent raises the puce of the diug For laige scale 
e\ti action any method necessitating the use of expensive solvents cannot be 
advocated An attempt was, theiefore, made to extract the alkaloid by means 
of dilute hydrochlouc acid m cold solution Feng and Read {Jow Amer 
Phann Assoc, 1927, XVI, 1035) employing hydiochlonc acid foi extraction 
succeeded m obtaining only about 0 3 pei cent of the alkaloids from a sample 
containing 1 32 pei cent of total alkaloids Using dilute acid (0 5 pei cent) it 
is now found possible to extiact the alkaloid completely No decomposition 
of the alkaloid was obseived to take place when the acid extract was neutralized 
with sodium caibonate and latei evaporated on a water bath to a small bulk 
The following table gives the lesults obtained m this mannei — 


Table XI 



Total alkaloid 
Per cent 

Ephedrme 
Per cent 

Extraction v ith 0 5 per cent HOI 

1 33 

0 60 

Extraction mtli ether and chloroform 

1 28 

0 63 


These results indicate that the conversion of ephedime into pseudo- 
ephednne does not take place m contact vitli hydiochlonc acid of the above 
concenti ition and at a temperature of 25°C, as has hitherto been supposed 


200 


Indian Ephedias 


The following method gave the most satisfactory lesults of extraction of 
ephedime on a laige scale One kg of the finely -powdeied plant (consisting 
of gieen twigs only) was macerated with 5 litres of cold 0 5 per cent hydio- 
chlonc acid and kept ovei night, and the acid extract was then squeezed out 
The opeiation was repeated twice, using 3 litres of acid each time The mixed 
acid extract (11 lities) was filteied and neutralized with sodium caibonate till 
it was just, neutial to Congo, but acidic to litmus It was then evaporated 
on the watei bath to about 800 e c , and latei made stiongly alkaline with 
sodium caibonate The piecipitate foimed was separated and washed with a 
little watei and the washings weie added to the filtrate To the filtrate, which 
contained the bulk of the alkaloids, a large amount of common salt was added, 
and the v hole was exti acted foui times with ethei The solvent was lemoved 
by distillation The alkaloidal lesidue was then conveited into the hydro- 
chloride by neutializmg it with dilute hydiochloric acid The solution was 
concentiated by evaporation at 45°C-50°C when the hydiochlondes ciystal- 
lized out and these weie tieated with diy chloiofoim to dissolve the hydio- 
chlondes ot othei bases present (chiefly pseudo-ephednne) Puie ephednne 
hydrochlonde thus obtained was dned and weighed A further quantity of 
ephednne was recovered fiom the piecipitate, pieviously lemoved, by boiling 
with benzene 


Chemisti y o] ephednne and pseudo- ephednne 

Ephednne C 10 H lu ON, is colouiless, crystalline substance rapt 41°C-42°C 
The hydrochlonde foiras colouiless needles rapt 216°C (a) 1D D = — 34 2° 

in watei and ( a ) 1 D = — 6 81° m absolute alcohol The platmichloride 
(B HCl) 2 PtCl 4 ciystallizes in colouiless needles rapt 186°C 

Pseudo-ephednne oi iso-ephedrine C 10 H 15 ON occrus with ephednne m 
Ephedia Gei ardiana and E intermedia and is foimed by heating ephednne 
with hydiochloric acid (a) D = 50 It is a dextio-iotatory isomei of 
ephednne and ciystallizes fiom ethei and melts at 114-115°C The base is 
a white colouiless crystalline substance oceuirmg m fonn of long needles, 
fieely soluble m alcohol The hydrochlonde foiras colourless needles nipt 
176°C Forms a lemarkable soluble oxalate in contiast to the sparingly 
soluble ephednne oxalate 

The oxalate of ephednne crystallizes from water in fine needles sparingly 
soluble in H,0 and le^s so in alcohol This relative insolubility of ephednne 
oxalate pi oxides a fairly simple means of separating alkaloid from the asso- 
ciate to isomei d-pseudo-ephedrine 

The ratio of ephedime to cl-pseudo-ephedrme seems to vary with the 
diftcicnt species, the leal value of the herb being detei mined by a high 
y -ephednne content 

The alkaloid ephednne can exist in no less than six forms y -ephednne, 
d-ephednne, dy-ephedrine, y-pseudo-ephedrme d-pseudo-ephedrme and dy- 
pseudo-ephedrme 



201 


R N Chopi a, S Kitslvna and T P Ghose. 

Emde (Aich Pkarm , 1907, 245, 662) has suggested that ephedrme and 
pseudo-ephedime are optical isomendes, the lelationship between the two being 
the same as that between L aiabome acid and L nbonic acid 

OH HNCHs OH H 

CH, — C — C — C g H 5 and CH S — C — C — C 6 H c 
H H H NH CH 3 


Aftei the sepaiation of the alkaloids y ephedune and d-pseudo-ephednne 
there lemams a small precipitate of oily residue which is still high in alkaloid 
content Fiom this oily lesidue Sydney Smith has separated two additional 
alkaloids y -methyl ephedrme and nor- d-pseudo-ephednne y-methyl ephedune 
was piepaied by distilling the oily residual alkaloids undei reduced pressure 
and punfied through the alcohol soluble oxalate, y-methyl ephedune gives an 
optical lotation (a) D — 29,2 

The alkaloids y -ephedune and d-pseudo-ephednne are not particularly 
sensitive to potassic mercunc iodide solution On the addition of that leagent 
to a 1 pei cent neutial solution of the sulphates of the alkaloid no piecipitate 
occuis Both alkaloids are piecipitated m a 3 per cent neutial solution but 
the precipitate is leadily soluble m dilute acids To the same leagent y-methyl 
ephedrme and yd-pseudo-ephednne behave m a maiked contrast to the above 
They are readily precipitated from a 1 pei cent of neutial solution of the 
sulphates, the precipitate remaining undissolved on the addition of dilute acid 
(Smith Phann Jour , 1929, p 606) 

Piobably the most impoitant pioperty of ephedune is its stability, its 
solutions aie not decomposed by light, an oi heat, and age appaiently does 
not affect their activity Thus a solution of ephedune hydrochlonde, piepaied 
and scaled in a steiile ampoule foi 6 years showed no change m appeal ance and 
pioduced the customaiy piessei response when injected into a pithed cat 
(‘ Chen and Sclnnidt-Ephedi me and Related Substances/ 1930, p 13) Kendall 
and Witzmann (1907) have demonstiated the great resistance of ephedrme to 
oxidation as compaied with epmephnne the foimei is not oxidized by dibro- 
liioplienolmdophenol, methylene blue, oi indigo carmine, whilst the latter is 
oxidized by all these leagents Pseudo-ephedrme hydrochloride is also veiy 
stable, a 1 per cent solution still letams its piopeities aftei keeping at room 
tcmpeiatuic foi many ueeks and it is believed may keep indefinitely without 
detenoiation Its solutions can be boiled without decomposition Mixing with 
sci a does not mteifeie ruth the activity of eithei ephedune oi pseudo-ephedime 
eicn aftei incubation foi many liouis 


The most seiuccable qualitative reaction of ephedune is that with Conner 
sulphate and sodium In dioxide which was fiist pointed out bv Naeai flKQOI 
a pm pie coloui appear* u Inch is extiactible with ether This" f P ef + 

.0 one pait of epliedrmc ,n 400, and ,f the eoncentat.on ‘ 7^ 

pinkish purple precipitate is formed and tins is completely soluble m ether 



202 


Indian Ephedias 


Action of chloi oform and related compounds on ephednne and pseudo-ephednne 

In an eaiher part of this paper it has been pointed out that when natural 
ephednne 01 the synthetic piepaiation ‘ephetonme’ is allowed to lemain m 
contact with chloi oform for some time it gets conveited into its hydrochlonde 
with slight decomposition This reaction has now been studied in greater 
detail and it has been found that the leaction is acceleiated by heat and 
letarded by small quantities of alkali caibonates and that othei chlorinated 
compounds such as carbon tetrachlonde, tetiachloi ethane, dichlorcethylene, 
also react much in the same way The following experiments were performed 
to show the amount of conversion of the base into its hydrochloride and the 
amount that is decomposed — 

In the following experiments pure ephednne hydrochloride, mp 216°C 
(a) n — 34 2° (m water), and ephednne, mp 41°-42°C ( a ) D — 6 81° 

(m absolute alcohol) , were employed A small quantity (0 3-0 5 g ) of pure 
ciystallized ephednne was dissolved m about 50 c c of the pure solvent, and 
kept at 40°~45°C till the solvent had evapoiated Duiing this piocess a large 
quantity of needle-shaped crystals had separated These were found to consist 
of ephednne hydiochloride (m p 212°-214°) and weie removed, washed with 
ethei, and weighed The titiation of the othei washings aftei removal of the 
solvent gate the amount of the fiee base, and the balance represented the 
amount that had decomposed into benzaldehyde and other pioducts The 
following table gives the results obtained — 


Table XII 


No 

Experiment 

Conditions of 
experiment 

Base 

recovered 
Per cent 

Change 
into hydro 
chloride 

Per cent 

Amount 
decomposed 
Poi cent 

1 

Base — chloi oform 

Eaaporated at 40°C 

25 0 

42 0 

33 0 

0 

Base — chloroform 0 1 per 
cent ammonia 

Spontaneous evapora 
tion at loom tem 
perature 

22 5 

43 7 

33 8 

3 

Base — chloroform 

Heated in sealed tube 
at 120 for 5 hours 

16 5 

55 3 

28 2 

4 

5 

Base — chloro f o 1 m 0 01 
g sodium carbonate 
Base — pure sulphur free 
carbon tetrachlonde 

99 99 

Evaporated at 40°C 

1 

46 8 

26 5 

64 0 

26 7 

0 

Base — tetrachlorcethanc 

» 

99 

46 

81 0 

14 4 

7 

Base — dichlorocthylene 

99 

99 

61 7 

10 4 

27 0 

8 

Ephetonme — chloroform 

99 

99 

47 2 

20 4 

32 4 

0 

Ephetonin e— carbon 
tetrachloride 

Evaporated at 10°C 

5 4 

64 3 

30 3 

10 

Ephetonme — tetrachl o r 
mlhane 

99 

99 

4 6 

70 1 

25 3 

1 1 

! Epliclonine — diehlorcelliy 
lorn 

99 

99 

ms 

12 7 

30 5 
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If howevei , the base after extraction with chloroform is titrated imme- 
diately, the amount obtained is more 01 less quantitative For examp e 
0 4730 "- of ephednne hydrochlonde was dissolved m watei, rendered strong y 
alkaline with potassium carbonate, and the liberated base was extracted with 
fom successive portions (75, 60, 60, 60 c c ) of chloroform The chloro orm 
extract was filtered tlnough absoibent cotton, previously soaked in chi r 
foim into a stoppered cylinder, 50 cc of water were added to the mixture 
and was immediately titrated with 0 1 N-hydrochloric acid The amount of 
the acid neutralized was found to be equivalent to 0 3739 g of ephedrme, i e , 
26 4 per cent of the ephednne hydrochloride employed 


The action of carbon disulphide on natural ephednne and ephetomn 

Ephedrme and ephetomne like the other simpler secondaiy amines react 
with caibon bisulphide and other related compounds, forming salts of alkyl 
ditlno-carbammic acids such as the following — 

H,NH CS 2 = H,N CS SH, HNR 2 


These salts are very readily formed in the cold, by mixing one molecular 
proportion of carbon disulphide in ether with two molecular proportions of 
ephednne, also m the same solvent, when m about five minutes a white 
precipitate makes its appearance and rapidly sets to a gelatinous mass 
Duung the leaction there is rise of tempeiature and if a fair excess of the 
solvent is not employed, theie is always a danger of the leaction remaining 
incomplete, otherwise the product is obtained m coirect tlieoietical yields In 
fact, the leaction is so quick and reliable that a method for the detection and 
estimation of small quantities of ephedrme can be evolved The gelatinous 
mass on filiation can be ciystallized fiom water or a mixture of absolute 
alcohol and peti oleum ether m long, shining needles, mpt 140°C With 
ephetomne, under identical conditions, a compound of melting point 110°C is 
foimed Analytical lesults aie as follows Found S = 15 96 pei cent, 
N = 6 72 pei cent, formula C 21 H 30 OJNT 2 S 2 requnes S = 15 76 per cent, 
N = 6 89 pei cent 


If tieated with dilute acids, the above compound at once breaks up into 
the coirespondmg salt of ephedrme and globules of caibon disulphide make 
their appeal ance on the surface This is not only the case with solutions of 
stiong acids but even with such acids as oxalic oi pei chloric, the behaviour 
is sinnlai If to a chlorofoimic solution of the compound any bromine is added 
at once a thick crystalline precipitate is formed and this has been found to be 
he Indiobromide of ephednne On heating to 150°C , it loses sulphuretted 
Hdtogen getting com cited into a thick oil And if an alcoholic solution is 
treated with powdeied potassium femeyamde, white shining plates make then 
tppearance, on standing for about 48 hours These can be enedv 0 + , 
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C 22 H 2S 0 2 N 2 S 2 requires S = 15 38 per cent The above reactions are shown 
graphically by the following — 


s H „° 


Vu 0 
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NH T- CS^ — 


CH. 


CH 
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S H „° 
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N ■— C 


HN 
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SH \ 


ON 
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C 9 H 11° 


CH. 
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N — CS-CS-N 


-f- 23 
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Compounds like the above aie also foimed when ephedrme, pseudo- 
ephedrme and ephetonme are reacted with potassium xanthate, hydrogen 
sulphide and mercaptans These are under further investigation and will form 
a part of a separate communication 


Export of Ephedras 

Work carried out by us has undoubtedly established the commercial values 
of E Gerai diana and E nebiodensis and has shown that the Indian species 
are quite as rich m ephedrme content, if not m some cases richer, as the 
Chinese species Already a demand for Indian ephedras has been created in 
India and elsewhere It is difficult to get exact statistics of the exportation of 
any particular diug mateiial because drugs aie generally classed together in 
the customs returns At a conservative estimate it may be said that about 
2,000 maunds of ephedra were exported from India during 1928-29 These 
figuies repiesent only a fraction of the trade which has recently been developed 
m China The figure for export from the whole of China is about 8,000 maunds 
a } ear 
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Ephedrine in other Indian plants 

Chopra and De (1930) showed the presence of a sympathomimetic alkaloid 
m Sida Coidijoha whose pharmacological action closely resembled that of 
ephedime and they thought that the alkaloid was undoubtedly ephednne Latei 
Ghosh and Dutt (1930) showed that the sympathomimetic alkaloid refened 
to above showed all the chemical and physical chaiactenstics of ephednne 
This plant is distributed throughout the tiopical, sub-tiopical India and Ceylon 
growing wild along the loadside The roots, leaves and seeds aie all used m 
the Hindu medicine as a stomachic and cardiac tonic The whole plant 
(including leaves, seeds, stems and loots) contains the alkaloid to the extent 
of 0 085 per cent The seeds contain much largei quantities of 0 32 per cent 
The interesting point about this work is the occurrence of ephednne m two 
entirely different gioups of the vegetable kingdom as the ephedras belong to 
the group of gymnosperms while Sida Cordifoha belongs to angiospei ins 

Chopra and De (unpublished) have also found the piesence of a sympa- 
thomimetic alkaloid lesemblmg ephednne in Monnga Pterygospeima (Sajma) 
and it will be intei estmg to see when then lesults are published if it is really 
ephedrine oi some othei alkaloid 


Pharmacology of Indian Ephedras 


Few diugs of recent years have atti acted so much attention of the 
medical piofession as the alkaloid ephedrine A laige amount of experimental 
work lias been done and the well compiled bibliography by Professor Read 
shows the intei est which it has evoked Although the plant has a woild-wide 
distnbution it is mteiesting that it was not used m medicine except in China 
In that countiy there is evidence to show that the diug was m use five thousand 
yeais ago It is curious to note that although a number of active species of 
ephedra giow in India, the plant appeals not to have been used m the 
indigenous medicine m this country Aitclnnson descnbes that some parts of 
E vulgaris were used medicinally in Lahoul, but inquiries show that the plant 
has not been mentioned m the Hindu (Ayuivedic) or Mohammedan (Tibbi) 
systems of medicine It has been alleged that a variety of ephedra, probably 
E into media is the famous Soma plant from which the ancient Hindu Rishis 
(ascetics) prepaied then favounte drink, but there is little evidence to 
suppoit this fact 


The poveiful sj mpathomnnetic effects produced by the alkaloid ephednne 
and its gradually inci easing use by the medical profession induced one of m 
Ut A C) to exploie the lesources of the Indian vaneties in 1926 and to 
imeshgate then chemical composition, pharmacological action and clinical 
mes Latei two of us (S K and T P G) made a very thorough chemical 
^VKh of different varieties under varying conditions under the auspices of the 

"S rr St,tUte ’ DChra Du "' “ nd ""*• 0f **» ™rkVve bet 
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While studying the chemical composition and phaimacologieal action of 
the Indian varieties, it was discovered that the pseudo-ephedrme content of many 
of the Indian varieties was lemailcably high We, therefore, not onh studied 
the action of ephedrmc isolated fiom the Indian vancties, particularly with 
regaid to the aspects to which little attention had been paid by other woikers, 
but we made a very detailed study of the alkaloid pseudo-ephedrine whose 
action was said to resemble that of ephednne This w ? as considered specially 
impoitant as the retail price of ephednne was about Its 1,100 per pound then 
and even at that sufficient quantities requned weie not available The 
alkaloids foi this investigation w r ere isolated from such Indian varieties as 
E vulgaris, E intermedia and E nebi odensis by the Department of Chemistry 
of School of Tropical Medicine and w r ere specially purified 

Action of ephednne from Indian ephedra 

The action of the alkaloid ephednne has been investigated by many 
workei s and we found that the ephednne isolated from the Indian ephednne 
to have similar properties and action We, theiefore, paid attention to the 
points which had not been fully gone into by other workers 

It is generally agreed that the piessor effects produced by ephednne are 
due to the vaso-constriction pioducecl by stimulation of the sympathetic nerve- 
endings and ganglion cells Although the stimulant action on the sympathetics 
has been studied m detail, veiy little attention has been paid to the action of 
the alkaloid on vagal mechanism Chen and Schmidt (1925) observed that the 
threshold electneal stimulation of the vagus caused caidiac inhibition during 
the acceleration pioduced by ephednne Chen and Meek (1928) found that 
ephednne usually flowed the pulse rate m stimulating doses, when given 
mtra\ enously , intramuscular ly r oi oially m anesthetized and non-anesthetized 
animals with intact vagi Acceleration always occuis, when the vagi are 
paralysed noth atropine In larger doses the late is slowed irrespective of the 
\agal conti ol 

Dunng our expci invents with this alkaloid which were chiefly conducted 
on cats, we found that although the dtug pioduced the usual maiked and 
peinstent use of blood-piessure, the effect on the auricles and the ventricles is 
contra lv to the findings of many m\ estigators In our experiments the auricles 
showed an increase m amplitude of contractions, the ventricles showed a very 
slight deciease m the amplitude of individual contractions instead of the 
stimulant effects obseived by many wi iters There was no change m the 
frequency of the beats of eithei chambers of the heart When larger doses 
of the alkaloid were administered the amplitude of contraction of both the 
auncles and the ventricles decreased The prolonged rise of blood-pressure, 
without am stimulation of the ventricle, suggests action on the vaso-motor 
sv=tem If sufficiently large doses of nicotine are given to paralyse the 
sv mpathetic ganglion cells, ephednne still produces rise of blood-pressure but 
much less as compared wuth the effect produced when these cells are mtac ■ 
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The paialysis of the sympathetic ganglia appeals to have decreased the piessor 
response of the diug If vaso-motoi sympathetic nerve-endings aie paralysed 
with eigotoxme, the piessor lesponse is absent and the effect on the auiicles 
and the ventucles is one of veiy slight depiession The cause of use of the 
blood-piessuie would, theiefoie, appear to be (a) stimulation of sympathetic 
neive teinunals and (b) sympathetic ganglion cells but chiefly the foimer 

Why is it that the stimulating action of the alkaloid on the heait is not 
seen when the drug acts by stimulating the sympathetic ? Ephedune not only 
stimulates the vaso-motoi fibies but also the accelerator fibies m the heait, 
as is shown by the fact that if an isolated heait is perfused by 1 m 100,000 
dilutions of the alkaloid, theie is a maiked augmentation of the foice and 
fiequency of the heait The acceleiatoi effect in intact animals, theiefoie, 
must be countei balanced by some otliei factoi oi factois Ephedune does not 
act on the vagus centie m the medulla because when an animal is pithed aird 
its biain including the ceiebium, ceiebellum and the medulla are destioyed, 
the lesults pioduced do not mateiially diffei than when the centies weie intact 
Section of the \agi also does not alter the response of the auncles, ventricles 
oi the blood-piessuie pioduced by ephedune The effect, theiefoie, cannot be 
cential but is penpheiai The alkaloid pioduces a distinct mciease in the 
amplitude of eonti actions and frequency of beat of both the auncles and the 
ventricles aftei paialytic doses of nicotine to sympathetic ganglia The same 
phenomenon is observed aftei the vagus teinunals have been paralysed by 
atiopme It would, theiefore, appear that the penpheiai mlnbitoiv mechanism, 
le, the teimmations of the vagi as well as the ganglia are stimulated by 
ephedune 

Besides this the lintability of the heart muscle is distinctly depiessed by 
the alkaloid especially when laige doses aie given The latent penod is not 
affected in a fiog’s heait and the lefiactoiy penod not altered m the mammalian 
heait 


The action of ephedune, theiefoie, is the sum total of these factois, viz, 
(1) stimulation of the vagus, (2) stimulation of the sympathetic and (3) m 
laigei doses depiession of both the auncles and the ventricles by its dnect 
action on the heait muscle 


The eftects pioduced by ephedrme in nryocaidiogiaph experiments above 
descnbed usemble those pioduced in an animal by compiessmg the aoita, the 
conti action of the aitenoles due to vaso-motor stimulation pioduced by the 
alkaloid pioduces snnilai effects to aitificial compiession The appaient 
stimulation of the auncle pioduced m these expenments is m all probability 
pioduced bv dimension of the auricle bi ought about mechanically owing to the 
light am iculo-\ enti lculai vahe not closing piopeily and allowing some of 
blood to regurgitate into the auncle dining the ventnculai systole The auricle 
thus become* distended and the stretched auncular muscle responds to the 
...censed nunc, In. press, no bi contacting mo.e feebly The e“ thus t 

m ~ «■*•«*»» while theie » no change “ the 

14 
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fiequency of the heart beat If the stimulation was pioduced tluough the 
agency 1, of the acceleiatoi mechanism, the foiee and fiequency of the heait as a 
whole including the ventricle would have been accelerated 

The duect depiessant action of the alkaloid on the myocauhum is bettei 
seen when the infections aie lepeated Chen and Schmidt have slronn that 
the fiist infection of ephednne produces a well maiked piessoi effect, with the 
second injection this use of blood-pressuie is very slight, while subsequent 
injections pioduce veiy slight effect That is the leason why auncles do not 
show any stimulation aftei the second and subsequent injections 

Action oj pseudo-ephednne 

Although pseudo-ephednne was discoveied by Meick m 1893, it has not 
received the same attention fiom mvestigatois as ephednne A comparative 
study of the pressoi action of ephednne and pseudo-ephednne has been under- 
taken recently by various woikers who are all agieed that the foimei alkaloid 
is moie powerful than the lattei in laismg the blood-piessuie Read and Liu 
(1926) found pseudo-ephednne is half as stiong as ephednne m this lespect 
A perusal of the liteiatuie shows that while some woik has been done on the 
pressor piopeities of pseudo-ephednne, the detailed action of this alkaloid lias 
not been investigated This was, theiefoie, taken up 

Local effects and absolution — The alkaloid does not set up am, maiked 
local reaction when injected subcutaneously or mtiamusculailv or instilled into 
the conjunctival sacs It is leadilv absoibed from the site of injection as veil 
as from the gastio-intestinal tract After absoiption from the intestine pseudo- 
ephednne pioduees the same physiological action as when it is mtioduced direct 
into the circulation by intravenous injection This is shown by the fact that 
injection of the alkaloid into one of the mesentenc veins pioduees the same 
degiee of use of blood-piessuie as when the injection is made into one of the 
svstenuc veins The livei does not appeal to have any detoxicating action on 
this alkaloid as is the case with ephednne This is the ieason uhy both the e e 
alkaloids aie as effective, when given by the mouth m punfied condition oi m 
f oi m of liquid extiacts prepared fiom the ephednne, as when administered by 
injection 

Gastio-intestinal tiact — The movements of the small intestines are 
maikedh inhibited bv mtiavenous injection of pseudo-ephednne in intact 
animals and of the isolated intestine when it is added to the pci fusing fluid 
The tone of the intestinal muscles is deci eased and peristaltic movements aie 
completelv stopped Although the movements soon reappear the llivthm and 
force of contraction lemarn depressed foi a long time 

The action of pseudo-ephednne on gastnc and intestinal secietions n still 
undei investigation In our clinical tnals, howevei, the gastrointestinal dis- 
tuibances sometimes obseived aftei ephednne nere generally absent aftei 
pseudo-ephedrme On the nhole tlieie is little diffeience between the action 
of ephednne and pseudo-ephednne on the gasti o-intestmal tiact 
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Cn culatory system — Heait The action of pseudo-ephedune from the 
Indian vaneties of ephedra on the heait was fully investigated and lesults 
have been published m a separate paper ( Ind Jour Med Res , XVI, 3) The 
mam conclusions aie that pseudo-ephednne stimulates both the mhibitoiy and 
the accelerator mechanisms of the heart and has a stimulating influence on 
the myocaidium The use of blood-piessuie is not so gieat as m case of 
ephedrme and is only paitly due to sympathetic stimulation as it is still pio- 
duced when the sympathetics aie paialysed with eigotoxme The occuiience 
of the use aftei the vaso-motoi fibies aie paialysed show that the alkaloid 
stimulates the unstiiped muscle fibres of the blood vessels Theie is also 
leason to believe that the caidiae muscle is also stimulated The lrntability 
of the heart muscle, as tested by stimulating the surface of the ventucle by 
induced tetamzmg shocks fiom a Du Bois Raymond mductonum, was found 
to be mci eased by this alkaloid This view is suppoited by the fact that 
aunculai fibrillations aie sometimes pioduced aftei injection of even small 
doses of pseudo-ephednne 

Expei mients with perfusion of the isolated heart shows that pseudo- 
ephednne produces well maiked augmentation of the amplitude of contractions 
m such dilutions as 1 m 200,000 An mciease m frequency of heait beat is 
produced even aftei admimstiation of eigotoxme and nicotine, pointing m all 
piobability to its dnect action on the heait muscle The mam diffeience 
between the two alkaloids thus is that while epliednne depi esses the heait 
muscle pseudo-ephednne stimulates it The stimulant effect of the diug on 
the heait muscle, howevei, is not so evident when theie is high penpheial 
resistance When this is no longei piesent, as is the case when the vaso-motoi 
neives aie paialysed by eigotoxme, the action of the diug becomes quite 
appaient 


Blood vessels — Pseudo-ephednne pioduces constnction of the artenoles 
m i ety much the same way, though not to the same extent, as ephednne It 
appeals piobable that it has some effect on the musculature of the blood vessels 
which ephednne does not possess This is shown by the fact that pei fusion 
of artenes such as supenoi mesenteric in animals who have leceived paialysmg 
doses of eigotoxme, showed a definite conti action of the blood vessels It has 
been olweived by some woikeis that pseudo-ephednne pioduces a constnction 
of the blood aes-els of the splanchnic aiea while it causes a dilatation of the 
penpheial \ e-els In oidei to detennme the action of the alkaloid sepaiately on 
the two aieas two sets of expei nuents weie peifonned In one senes all the 
mam ie«cl- of the splanchnic aiea weie tied so that only the penpheial vessels 
wcie lefr to be acted upon bv the alkaloid An injection of pseudo-ephednne 
-till pioducc* a use of blood-piessuie Aftei exclusion of the peripheral vessels 
b> ligaturing two femoral and the bianelual artenes the piessoi lesponse was 
still produced These expedients show that pseudo-ephednne has the same 
action on ihe blood vessels of the splanchnic aiea as tlio-e of the n/ f 

"" ti * * •>*« *»• • ci;;!™ 2‘;*; 
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alkaloid but the volumes of the othei abdominal oigans do not show the same 
marked decrease m size The intestine either shows a very slight increase or 
no effect at all, the kidney volume on the othei hand shows a well maiked 
mciease showing that the vessels are dilated, the initial momentaiy contraction, 
piesent in the case of epliednne, is absent Most piobably the effect on the 
kidney is secondaiy to the geneial use m the systemic blood-piessuie 

The pulmonary piessure shows a maiked use, the action lesembhng that 
of adienalme This is one of the most constant effects of the drug The rise 
appeal 5 t,o be due to conti action of the branch of pulmonary artery which also 
lelieves tne turgescence of the mucous membrane 

Respvatoiy system — Pseudo-ephedime pioduces a well marked dilation 
of the bronchioles It not only dilates the bronchioles in deceiebrated animals 
but quickly lelieves the spasm aitificially produced by such chugs as pilocar- 
pine Its value m asthmatic conditions can, theiefoie, be readily appreciated 

The maiked shrinkage of nasal mucous membrane pioduced by ephednne 
is also present with pseudo-ephedime Both the broncho-dilator and contract- 
ing action of this alkaloid on the mucous membrane m the nose aie nearly as 
marked as ephednne 

Genxto-unnary system — Uteius The movements of the isolated virgin 
uterus of a cat aie inhibited by pseudo-ephedime m concentrations about 1 m 
75,000 The piegnant uterus of the same animal does not show any marked 
change in tone oi movements m such concentiations The action on rabbits 
vngm uterus is also not very maiked, there being little oi no movements of 
the oigan with concentrations varying between 1 m 150,000 acd 1 in 50,000 
The vngm uteius of a cat m mtaet animals shows lelaxations after 2 mgm 
doses 

Kidney — Pseudo-ephedime given inti avenously caused a well marked 
mciease of the flow of urinai y secietion which luns paiallel with the duration 
of the vaso-piessor action Subsequent injection of the diug produces a smallei 
and smaller use of blood-pressure but the diuretic effect peisists though it is 
not quite so marked It appeals, therefore, that two factors are concerned in 
the production of diuretic action of this alkaloid namely (1) the vaso-pressor 
action on the geneial circulation, and (2) some dnect action on the renal cells 
This is showm by the fact that acceleiation of flow of mine still occurs, though 
to a lesser degiee, when the extension of the kidney is pi evented by encasing 
*t in plaster of pari 5 

Keivous system — That the effects produced by an injection of pseudo- 
ephednne are not central but peripheial is shown by the fact that exactly 
similai i emits are obtained aftei de 5 troymg the bram and the spinal cord of 
animals Pseudo-ephedrine does not appear to have any effect on the higher 
cerebral centre The medullary centre such as vaso-motoi centre is not affected 
as is shown by the perfusion aspects, the respiratory centie is also not affected 
as shown by Thomas and Fianks (1928) expenments with stnps of diaphragm 
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Injection of the alkaloid does not produce any marked change in the movements 
of the stup showing that lespnatoiy centre is not affected' by the diug 

Action on secietions — The sahvaiy and sweat secretions are not affected 

by this alkaloid 


Difjeiences m the action of ephednne and pseudo-ephednne 

Fiom the experimental data we have collected, it will be seen that the 
action of pseudo-ephednne closely resembles that of ephednne Both the 
alkaloid pass through the liver unchanged and pioduce then usual effects 
whether injected into one of the mesenteric veins 01 into a systemic vein They 
are both lapidly absorbed from the gastro-mtestmal tract and their inhibiting 
effect on the musculature of the gut is about equal Both the alkaloids pioduce 
a contraction of the blood vessels and a well maiked rise of the blood-piessuie 
The vaso-pressor effect is much stronger m case of ephednne which acts almost 
entnely on the vaso-motor nerve-endmgs, while pseudo-ephednne has been 
shown to have some action on the musculatuie of the vessels as well The 
use of piessure is also less maiked in the pulmonary and portal areas with 
pseudo-ephednne Its dilator action on the bionchioles as well as its contract- 
ing action on the mucous membiane of the nose do not essentially differ m its 
potency from that of ephednne The effect of the two alkaloids on the kidney 
is to produce a dilatation of the blood vessels and increase of the kidney 
volume, but the initial momentary constuction pioduced by ephednne is absent 
in case of pseudo-ephednne, the diuietie effect is much moie marked m case 
of the lattei alkaloid The action of the two alkaloids on the voluntary and 
mvoluntaiy muscles appears to be about equal 


Therapeutic uses of Indian Ephedra 
It has been alieady remaiked that the pseudo-ephednne content of the 
Indian species of ephedia is high The yield of ephednne fiom vanous 
\ ai letics m many cases does not exceed 50 pei cent of the total alkaloids and 
often is considei ably less The price of the alkaloid is now about Rs 600 per 
pound and e\ on at that sufficient quantities are not available Some of the 
Indian varieties contain much largei quantities of pseudo-ephednne than 
ephednne In new of these facts we tiled to see how fai it was possible to 
substitute pseudo-ephednne foi ephednne m therapeutics 


Ephednne and pseudo-ephednne in the treatment of asthma 
Fiom the time the sx mpathomimetic action of ephednne uas discovered this 
aiu Old liar been xciv extcnmelv used m the treatment of asthma The 
relief afioidcd bv it though not quite so instantaneous as adrenaline, a quick and 
ertam bes.dcs ,t can be taken bv the mouth and need not be g.ven bv n, ec - 
t.on It has, thercfoie, been used mdiscnmmatelj in large ma,oi.ty of 'cases 
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with sometimes untowaid lesults We have known patients who have been m 
the habit of taking half a gram of the alkaloid twice a day for many months 
In oui asthma clinic at the Calcutta School of Tiopical Medicine, oui expenence 
with the use of this alkaloid m the treatment of this symptom-complex has not 
been altogethei satisfactoiy It undoubtedly contiols the paioxysms and 
lelieved the symptoms m quaitei of an houi to half an horn but it is likely to 
pioduce unpleasant side effects In some patients acute pam m the cardiac 
legion lasting foi 10 to 20 minutes has been obseived and a feeling of dishes* 
in the pifecoidium is not an uncommon symptom in a large number of patients 
using the diug, due to hypei tension pioduced by stimulation of the vaso-motor 
neive-endmgs Some patients get palpitation, flushing of the skm and tingling 
and numbness of the extienuties, tachycaidia and fainting fits may be pro- 
duced Patients suffering fiom mflammatoiy conditions of the skm frequently 
get exacerbation aftei its use and quiescent conditions may become acutely 
active Those suffeung fiom oigamc disease of the heart, especially of the 
myocaidium, get decompensation, piobably due to depiessant action on the 
heait muscle by excessive dosage 

Besides this the stimulating action of the alkaloid on the sympathetic is 
liable to pioduce peisistent constipation, w'hich aggiavates ceitam types of 
asthmas Loss of appetite fiequently occurs and digestive disturbances are 
not mfiequent accompaniment ^ This diug has not been sufficiently long m 
use foi us to know all its untowaid and toxic effect, but they undoubtedly do 
exi^t Caution is, theiefoie, recommended m its use, especially for piolonged 
periods in the tieatment of such a symptom-complex Often the lelief afforded 
is of shoit duiation and theie is temptation of lepeatmg the diug Its .routine 
me m conti oiling the paioxysms without investigating the cause is to be 
stiongly depiecated 

We bar e already pointed out that the pressoi action of pseudo-ephedrme 
is much less poweiful than that of ephednne but its bioncho-dilatoi action 
appeals to be quite as marked The conti action of the blanches of the pul- 
monaiy aiteiy lelieves the tuigescence of the mucous membiane and tins xs ith 
the veil marked dilatation of the bronchioles helps m lehevmg the paioxysm 
One of us (R N C ) has tried pseudo-ephedune m the tieatment of this condi- 
tion with excellent lesults Within 15 minutes to half an horn of oial admmis- 
tiation of giam of the alkaloid, the feeling of tightness xound the chest is 
leliered and the patient’s bieathmg becomes noirnal A similai dose taken when 
the piemomtiom of an attack aie felt geneially stops the paioxysm The 
effect m fact is just as rapid as that of ephechme Although w T e have not 
tiled it on a sufficiently laige scale and foi long enough penods, the results so 
fai hare been encoui aging, and the side effects pioduced aie not so unpleasant 
If use of this alkaloid is extended m the tieatment of asthma and other 
condition^ m which ephednne is being used, not only will the cost of tieat- 
ment be reduced but it may be possible to avoid the unpleasant side effects of 
tiie latter drug 
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Alcoholic e%tn act and tincture pi epaied fiom Indian Cphedi a 
An extract piepaied fiom E Gei ai diana and E intei media fiist introduced 
by the senioi author has now been m use foi nearly three yeais It is prepaied 
by exhausting the dned powdered twigs of the plant with 90 pei cent alcohol, 
sufficient water being then added to make the stiength of alcohol about 45 per 
cent Five c c of the extiact should contain { gram of the total alkaloids This 
extract can be u^ed eithei by itself oi m combination with asthma mixtures 
and is veiy effective in conti oiling asthmatic paroxysms It is consideiably 
cheaper than the puiifiecl alkaloids and brings the use of this diug within the 
means of pool people A weaker tmctuie is also on the maiket now 


Ephednne and pseudo-ephedi me as cai diac stimulants 

The stimulant action of these alkaloids on the blood-pi essui e is well 
known and foi this leason they have been used as caidiac stimulants We 
have alieady pointed out that while ephednne, especially m laige doses, has a 
depressant action on the myocaidium, pseudo-ephednne, on the othei hand, 
has the opposite stimulant action on the heart muscle Besides its action on the 
vaso-motoi nene-endmgs the lattei alkaloid also stimulates the muscle fibies 
of the aiterioles The scmoi authoi has, theiefore, tiled an extiact fiom 
ephedia which contains both ephednne and pseudo-ephednne (moie of the 
lattei) as a caidiac stimulant with encouraging results This pioduced a well 
maiked beneficial effect when admimsteied to patients in whom the action of 
the lieai t was weak and compensation was failing Our observations on a 
numbei of patients showed that theie was a definite rise of blood-piessure 
amounting to 10 to 20 mm of meicuiy, aftei \ to 1 diam doses 2 oi 3 times 
a day Maiked diuiesis was pioduced in those patients m whom the function 
of the kidneys was distuibed from inefficient cn dilation 


Epidemic diopsy—ks is well known the heart is senously affected in 
this condition giving use to such subjective symptoms as dyspnoea, palpitation, 
piacoidial pam and even caidiac asthma The late of heait beat is accele- 
rated fiom the veiy beginning of the disease The first sound at the apex 
becomes shoit and shaip, and latei it becomes muffled, often the fiist sound 
is leduphcated Latei a systolic niuimui may be piesent at the apex due to 
dilatation of the heart pioducmg mitral incompetence and sometimes a hamnc 
mui mvu is also audible at the pulmonary base A piesystolic murrain may 
be heaul In such cases digitalis gives unsatisfactoiy results, m fact some 
of the patients actualh become noise A numbei of othei caidiac stimulants 
moved ineffective In cases of left heait failuie, the tincture of ephedra 
pi m cd i e. x cficetn e The patient felt relieved and the symptoms disappeared 

c 7 ,,c ro»<tow»«-The tincture of ephedia is also an excellent 
cardiac stimulant in toxic conditions of the heait pioduced by «uch infections 
a= pneumonia diphthena, etc Lieut -Colonel Veie Hodae , „ „ " , ? 

tincture J diam doses 3 o, 4 times daily ruth excellent Sufe ? ’ ** 
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Summary and conclusions 

1 A suitable method of assay of ephedra has been developed The 
alkalmization with ammonia and the action of chloioform on ephedrme have 
been fully discussed 

2 Localities in which ephedias giow m India have been woiked out and 
a map showing the distnbution of the important species is attached 

3 Ephedias fiom many diffeient localities m India have been assayed 
It has been found that E joliata has no ephedrme, E intermedia has about 
10 per cent of, E Gei ardiana and E nebiedensis have about 70 per cent of 
ephedune m the total alkaloid 

The l idlest sample of E into media analysed contained 2 33 pei cent total 
alkaloid of which 0 38 pei cent was ephedune and 1 8 per cent pseudo- 
ephedime This sample was obtained fiom Chini Range, Bashahi Division 
E intei media from Chim Range may be used as a source of supply of pseudo- 
cphedune 

The i ichest sample of E Geiaidiana was found m Kagan (N -W P ) and 
this contained 2 15 per cent of total alkaloids of which 1 53 was ephedrme 

The i ichest sample of E nebiodensis was found m Lahoul and this con- 
tained 2 79 pei cent of total alkaloids and 1 93 per cent of ephedrme 

4 The ophcdime content m Indian ephedias does not increase with the 
altitude of the locality where the drug glows 

5 The rainfall of the locality influences the alkaloidal content of Indian 
ephedias The gieatei the annual rainfall the smaller is the alkaloidal 
content 

6 The ephedune content in the plant vanes with the time of the year 
It is usually lowest dui mg the wet months and highest m the autumn 

7 The alkaloidal content m the ding does not deciease appieciably on 
stoi age 

8 A cheap method of large scale extraction with dilute hydiochloiic acid 
is desenbed 

9 The action of chloioloim and lelated compounds on natuial and 
synthetic ephedune is clesciibecl 

10 Ephedune has been found to occui m some of the other Indian 
medicinal plants, e g , Sida cordijolia which contains it to the extent of 0 085 
pei cent m the whole plant and 0 32 pei cent oi moie m the seed 

11 Ephedune and pseudo-ephednne from the Indian vanetics of ephcdia 
have a stimulant action both on the sympathetic and vagus neive-endmgs of 
the heart Ephedune stimulates the sympathetic ganglia also 

12 Both ephedrme and pseudo-ephednne have a piessoi action, the 
former being more powerful than the latter, the rise of blood-pressuie is 
pioduced by direct stimulation of the vaso-motoi nerve-endmgs The persis- 
tent use seen after paialysis of the va=o-motoi neives m the case of pseudo- 
ephednne is due to the increase of cardiac output and also stimulation of the 
muscles of the blood "vessels 
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13 Pseudo-ephedrme stimulates the myocaidium while ephedrme, 
especially in large doses, depresses it 

14 Dilator action of pseudo-ephedime on the bronchioles is nearly as 
maiked as that of ephedune and so is its constuctmg action on the mucous! 
membrane of the nose Its value in asthmatic conditions can, theiefoie, be 
readily appi eciated The alkaloid has no action on the lespnatory centre 

15 Pseudo-ephedrme has a more powerful action as a diuietic than 
ephedrme The action is mainly vaseulai, the vessels of the kidney being 
dilated and the volume of the organ increased 

16 Both ephedune and pseudo-ephednne are useful m asthma and as 
cardiac stimulants Ephedrme, however, gives rise to unpleasant side effects, 
especially m the treatment of asthma Pseudo-ephedrme is just as effective m 
relieving paioxysms and theiefore can be substituted foi ephedune On account 
of its marked diuietic pioperties it would be valuable as a cardiac tonic where 
oedema is present 
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It has lecently been found that, up to now, seveial Indian species of 
Aedes ( Stegomyia ) have been confused with albopictus (Skuse) One of these 
appeals to be Aedes ( S ) pseud albopictus descnbed by Boiel fiom Cochin 
China, two otlieis appeal to be new and aie descnbed below These tlnee 
species lesemble Aedes (S) albopictus veiy closely indeed, diffenng chiefly m 
the stiuctuie of the male genitalia At piesent it has not been possible to 
con elate the females with the males of these different species, but latei it may 
be possible to do so by a close studv of the laivse, and by breeding senes of 
adults fiom single females 

The identity of Aedes [S ) albopictus is of some medical importance as 
it has been shown expenmentallv to be capable of tiansmittmg both dengue 
fcvci and •\ellov fevei (Simmons and otheis, 1930) (Dmgei and otlieis, 1929) 
Some notes aie gnen on this species below, and on Aedes ( S ) jlavopictus 
Yun The lattci, w Inch also lesembles Aedes (S ) albopictus veiy closely, was 
onginalh descnbed fiom Japan, but has been lecoided from India by me 
pi e\ iousIv 


Anothei species of the same «ubgenus which lesembles Aedes (S) annan- 
dalci Tlieo and Aedes (S) mediopimctatus Theo \eiy closely m maikmgs 
lmt diffenng lcmaikably m the stiuctuie of the male hypopygium, is descnbed 
also undci the name Aedes (S ) pum, aftei Di I M Pun, who collected the 
specimens m Noith Bengal 


C imei a lucula drivings, all to the same scale, aie lepioduced on tl 
aocoinpaming plate (Plate XII, illustrating the stiuctuie of the male genital 
of tl.o e>ypee'« draft nitli m this papei It should be noted that tl 
diallings hate been made Iron, stained prepai aliens, and from separate pai 

( 221 ) 
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mounted flat after dissection of the hypopygium The different paits cannot 
be seen to advantage, nor the eonespondmg structures m chffeient species 
pioperly compared, unless the piepaiations aie mounted m this way I am 
much indebted to Mohamed Yusaf, Laboiatoiy Assistant, foi the trouble he 
has taken m making seveial hunch eds of careful piepaiations foi me 


Aedes (Stegomyia) albopictus (Skuse) 

Systematic lefeiences — 

Culex albopictus Skuse, 1894, Ind Mus Notes, 3 , No 5, p 20 ( 9 des- 
cnbed fiom Bengal) 

Stegomyia scutellaris (Walk), Theobald, 1901, Mon Cul , 1 , pp 298-300 
( 6 and $ , fig 91, <? ungues Plate NIV, adult?) 

Stegomyia scutellaris (Walk), Leicestei, 1908 Cul Malaya, pp 86-87 
( <? and 9 ) 

Stegomyia albopicta (Skuse), Edwaids, 1917 Bull Ent Res, 7 , pp 209- 
210 (Pig 6 hypop ) 

Stegomyia albopicta (Skuse), Bairaud, 1923, Ind Jour Med Res, 10, 
pp 779-780 ( 6 and 9,c? hypop Plate XLIII, fig 3, XJW, fig 15, 

XL VII, fig 23, LIV, figs 1-0 ) 

Aedes (Stegomyia) albopictus (Skuse), Brug, 1924, Veieen tot Bev d 
Geneesk Wetens in Ned Ind , pp 41-43, ( & and 9 , Figs maikmgs thoia\ 
and abdomen) 

Stegomyia alboputa (Skuse), Boiel, 1928 Aich des Inst Pasteur 
d’lndochme, No 7, pp 83-85, ( <$ and 9 , laiva Plate III, figs cT hypop 
laiva) 

The name scutellans Walker (Culex) was wiongly applied to this species 
by Theobald and Leicestei This name is now tieated as a synonym of 
Aedes (S) vanegatus Doleschall (Culex) 

6 in the specimens I have examined the palpi aie longer than the 
pioboscis by about half the length of the apical segment This chaiacter ma> 
be vaiiable as m Leicestei ’s description it is mentioned that the palpi aie 
longei than the proboscis by the length of the terminal segment 

<? hypopygium 9th tergite (Fig 1) stiongly produced m the middle into 
a blunt point (diffenng fiom all othei Indian species m the gioup m tins 
•lespect), a pair of well developed sublateial hairy lobes, coxite (side-piece) 
about 3 times the length of the gieatest width (when sepaiated and mounted 
flat), basal plaque on innei surface of coxite (Fig 11) with stem of modeiate 
length and width, apical pait flattened (when mounted sepaiately) canymg 
some blade-like processes on the ventral (sternal) side, seveial of which are 
long and cuived, there are also a number of bans with bent tips, style (clasper) 
(Fig 13) compai ativelv lather short, of fanly even width throughout, and 
with the appendage ansing veiy neai the lounded tip 
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Distribution (checked by examination of male genitalia) 

LOWER BURMA Tenasseiim, 10-12 1 1922 ( Sharma ) 

UPPER BURMA Lashio, 23-24 vm 1913 ( T B Fletchei ) 

ANDAMAN ISLANDS vn 1926 (G Coveil ) 

ASSAM Gauhati, ix 1928 ( Sobha Ram coll ) , Shillong, vi and vm 1922 
{Bari aud), Haflong and Dibrugaih, vm 1922 {Ban aud) 

BENGAL (NORTH) Tirnhana and Mananbanie Tea Estates, and 
Sukna, vm 1928 {Pun), Tmdhana (Darjeeling Rwy ), vm 1928 ( Sobha Ram 
coll) 

BENGAL (EAST) Chittagong, vm 1922 {Ban aud) 

ORISSA Ulubuiu, Keonjhar State, 26 ix 1928 [Senioi White) 

BIHAR Pusa, 178 specimens examined from the collection of the Agri- 
cultural Research Institute Occuis throughout the year but more abundantly 
dui mg the lanry season 

PUNJAB Kamal, vm 1930 {Ban aud) 

WESTERN HIMALAYAS Kasauli, vi 1923 and vn 1924 {Ban aud) 
DELHI PROVINCE Delhi (specimens in the MSI collection) 
KONKAN Bombay Harboui, Elephanta Island, 6 vn 1921 {Ban aud) 
Tiombay, vn 1921 {Ban aud) , Hog Island, 9 vn 1921 (Bari aud) 

BOMBAY DECCAN Belgaum, 1 vm 1921 {Ban aud), Nagargali, 
13 vm 1921 ( Barraud ) 

MALABAR Cooig, vi 1927 (J D Baily), Malabai Coast, 1915 ( Khazan 
Chand) 

MADRAS Nilgiri Hills, ix 1915 {Khazan Chand), Anamali Hills, 4-8 
vm 1928 {Shajji) 

CEYLON Suduganga Estate, Matale, 5 v 1919 {Senior White) 


Aedes (Stegomyia) pseudalbopictus Borel 


Steqomyia pseudalbopictus Boiel, 1928 Arch des Inst Pasteur 
d’Indochine, No 7, pp 85-87 ( 8 and 2 larva Plate IV, figs d liypop 

larr a) 


Thci e do not appeal to be any constant differences m markings by which 
the males of this species may be distinguished fiom those of Aedes {S ) albo- 
pictus, but there are vciy maiked differences m the structure of the genitalia 
The palpi aic longei than the proboscis by rather more than half the length 
of the apical segment B 

<J Inpopvgram 9th teigite (Fig 2) nearly flat m the middle, a pa,r of 

W 7 , T V C0Mte from 32 t0 S 4 times the length of the 

g.e,tc*t w idtli (u hen «epa,»ted and mounted flat), basal plaque on inner 

surface of eox.te (Fig 7) unusually long and narrow with one strong some 
like piocess and numeious hairs distal to it, seveial of which „f « 6 P 

clubbed, stale (F,g 16) conipa, atively long fnd slenir on 1 T*’ ^ 

ansma =oine distance from the tip which is pointed ’ P dage 3to,lt and 

T MR 


15 
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Distribution — Type locality, Terres Rouges, Cochin China, larva; m 
bamboo stumps dui mg lainy season 

Males have been examined fiom the following places m India — 
BENGAL (NORTH) Marianbairie Tea Estate, neai Sukna, vm 1928 
(Pun), Sukna, vm 1928 (Puri) 

BOMBAY DECCAN Nagargah, 13 vm 1921 (Barr and) 

Aedes (Stegomyia) flavopictus Yam 

Aedes flavopictus Yamada, 1921 Annotations Zoologicae Japonenses, 10 , 
Article 6, pp 52-54 ( 3 and $ , Fig 3 hypop ) 

Stegomyia flavopicta Yam, Bairaud, Ind Jour Med Res, 11 , 1923, 
pp 225-6 ( 3 and ? , Plate XIX, figs 3 hypop ) 

As stated m the original description and m my paper quoted above this 
species may be distinguished fiom Aedes (S ) albopictus by the coloui of the 
mesonotal markings, which, except for the median silvery stripe, are yellow isb 
I find howevei that m many specimens the yellowish tmge is very faint or 
even wanting, possibly due to fading, and it is therefoie almost impossible to 
distinguish these from albopictus The males may howevei be easily separated 
by examination of the genitalia The palpi aie comparatively shorter than in 
albopictus being onlv veiy slightly longei than the proboscis 

3 hjpopygmm 9th tergite (Fig 3) model ately wide, the middle part 
produced into a lounded lobe, sublateial lobes not well developed and with few 
hans, basal plaque on mnei suiface of coxite (Fig 9) with nairoW'Stem and 
wide apical part canymg flattened, slightly clubbed, piocesses on the sternal 
aspect, and bans all about the «ame length, style (Fig 14) very similar to 
that of Aedes (S ) albopictus, but both this and the appendage rather longei, 
the latter anses a short distance fiom the tip of the style 

Distnbution — Type locality, Shiba, Tokyo, Japan, 20 iv 1916 (Yamada), 
also oceuis in Honshu and Hokkaido, Japan, and Koiea 

Males have been examined fiom the following places m India — 

ASSAM Shillong, 5,000 ft vi 1922 (Banaud) 

WESTERN HIMALAYAS Miuiee, 7,000 ft 1922 (Gill), Kasauli and 
Kiol Mountain, near Solon, 6,000 to 7,000 ft commonly breeding m tiee-holes 
dui mg the monsoon (Banavd) 

MALABAR Cooig, Mercara, vi 1927 (7 D Baity) 


Aedes (Stegomyia) novalbopictus sp n 

I have been unable to discovei any constant diffeiences m mai kings 
between tins species and Aedes ( S ) albopictus, and the published descriptions 
of the latter (quoted under that species above) wmuld appear to applj r equally 
well to this species also, except in ceitam structural point*? mentioned below 
3 the palpi are only about the length of the proboscis, but may be very 
slightly longer or shorter than that organ 
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c? hypopygium 9th tergite (Fig 5) with the middle part foimmg a wide 
slightly lounded lobe, with sometimes a veiy small lounded piojection in the 
centre of the apical margin (when the teigite is sepaiated and mounted flat 
this projection is not usually seen), sublateial hany lobes fairly well deve- 
loped, basal plaque on mnei suiface of coxite (Fig 8) with bioad stem, 
numeious hairs of varying lengths, many with bent tips, arising fiom the apex, 
and a row of slender flattened spines along the sternal side, these spines often 
appear sharply pointed but are actually slightly expanded just below the tips, 
style (Fig 18) moderately long and of even width thioughout, the appendage 
arising very near the tip 

Distribution — Type male from Pusa, Bihai, 27 vn 1916 (S K S) now 
m the Malaria Suivey of India collection, Kasauli Out of 188 males of 
1 albopictus’ examined from the collection of the Agncultural Reseal ch Institute, 
Pusa, 10 pioved to be the new species heie described Paiticulais of the other 
males which have been examined aie as follows — 

BIHAR Pusa, 16 n 1908 {H N S), 14 m 1913 (If N S), 8 iv 1913 
{Md S), 10 vn 1913 (Md S), 2 vn 1914 (Md S), 15 iv 1921 (Shafli), 
26 v 1921 {Shaft) Pusa, bred from tiee-hole matenal, n 1931 {Barr aud) 

ORISSA Ranchi, 21 vm 1922 {T B Fletcher) 

WESTERN HIMALAYAS (Foothills) Koti, neai Kasauli, bred from 
tree-hole matenal, ui 1931 {Bairaud) 

KONKAN Bombay Haibour, Elephanta Island and Tiombay, vn 1921 
{Ban aud) 

BOMBAY DECCAN Belgaum, 1 vm 1921 {Barraud) 


Aedes (Stegomyia) subalbopictus sp n 

The male of this species lesembles that sex of Aedes {S ) albopictus veiy 
closely m the ornamentation of the head, tlioiax, and legs, but differs (in the 
only specimen known) in having the doisum of the abdomen entirely dark 
without any indication of basal silveiy bands, theie are small basal lateral 
silvery patches on the teigites The palpi are about the same length as the 
pi oboscis 


6 In popvgium this show's a number of diffeiences m structure from that 
of Aedes (S ) albopictus Ninth teigite (Fig 4) with the middle part forming 
a wide curi ed lobe, sublateial lobes small, not projecting, each with about 
4 bans, coxite mtliei moic than 3 times the length of the greatest width basal 
plaque on inner suiface of coxite (Fig 10) with a long moderately broad stem 
the apex earning a numbei of slightly cmved blade-like piocesses and hairs’ 
tho majority of ^h,oh ha, e hooked tips, the hairs and processes all about the 

same length style (Fig 15) umisuall, long, the tip pointed, the appendage 
arising some little distance from it >11 naage 
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Type male (unique) m the Malana Survey of India collection, Kasauh, 
fiom Belgaum, Bombay Deccan, vm 1921 (Banaud) 


Aedes (Stegomyia) purii sp n 

Only tv o .specimens of this species aie known, both males and m poor 
condition As fai as can be seen they lesemble Aedes (S ) annandalei Theo, 
and Aedes ( S ) m ediopunctatus Theo, veiy closely m omamentation It is 
not possible to say whethei they differ fiom one or both of these species in 
the markings of the mesonotum as both specimens are very much denuded of 
scales A descnption is given below but it should be noted that this descrip- 
tion would equally apply to poor specimens of Aedes (S ) annandalei, except 
as legal ds the structuie of the hypopygium This m several respects is 
remarkably diffeient fiom that of any othei Indian species 

cf head mainly flat scaled, a collection of daik upnght scales on nape, 
a tuangulai patch of white scales in the middle of veitex m fiont, continued 
between eyes, black scales sui rounding the white patch, white scales forming 
lateial patches, black scales at sides followed by white scales again low down, 
white scales on mnei side of toius and beneath, antennal plumes dailc brown, 
palpi a little longei than pioboscis with tw'o conspicuous white lings, one near 
the base and one m middle of long segment, some white scales at bases of last 
two segments chiefly beneath, proboscis black Thenar mesonotum and 
scutellum in both specimens nearly completely denuded, some flat white scales 
lemam o\ei wing roots and some flat black scales on posteuor pait of disc, a 
few lather narrow white scales on front maigm, flat white scales on lateral 
lobes of scutellum, bioad black flat scales on mid lobe, flat white scales on 
antenoi pionotal lobes and on lower pait of posterioi pronotal lobes (upper 
part baie or denuded) , bioad flat white scales foimmg a patch between anterior 
spnacle and wing loot, anothei laige patch on upper part of mesepimeron Wings 
as usual in the subgenus, with dark biown scales on veins Legs fore femur 
dark anteriorlv, pale postenorly on basal half, mid femur dailc antenorly with 
some pale scales at tip, no white spot, dark posteriorly except ventially where 
it is nai lowly pale on basal half oi lathei more, hind femur entirely pale on 
lathei moie than basal half, wdnte scales forming knee spot, tibise brownish- 
black, foie taisi daik except for a narrow wdnte ring at base of segment 1, 
mid tai «i similarly marked but with a few pale scales at base of segment 2 
also, hind tarsi with wider wdnte rings at bases of segments 1 and 2, segment 3 
dark, 4 mainly wdnte except for a nairow black nng at tip, 5 dark Abdomen 
partially denuded m both specimens, dorsum appaiently mainfy biowmish- 
black wath lateral basal wdnte patches, indications of narrow basal white bands 
m one specimen, sternites black with basal white bands 

6 hypop 3 r gium 9th teigite (Fig 6) very nariow and concave in the 
middle, sublateial lobes small, each with about 3 bans, basal plaque on inner 
surface of coxite Wig 12) unusually long with very numerous hairs and 3 strong 
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haipago-like processes neai base, style (Fig 17) of model ate length and width, 
rathei swollen towaids apex and tapenng shaiply to tip, appendage long and 
stout, ansing some distance fiom tip of style 

Two co-type <? 6 in the Malana Survey of India collection, from Manan- 
bame Tea Estate, near Sukna, Noith Bengal, caught in jungle, vm 1928 
(Di I M Pun) 
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Explanation op Plate XI 

Camera lucida drawings, all to the same scale, illustrating parts of the 
liypopygia of six species of Aedes ( Stegomyia ) , drawings made from stained 
preparations of sepaiate parts mounted flat 


Fig 

1 

Aedes ( Stegomyia ) 

albopictus (Slcuse) Ninth tergite 

11 

2 

11 

it 

pseudalbopictus Boiel Ninth tergite 

11 

3 

it 

ii 

flavopictus Yam Ninth tergite 

11 

4 

a 

ii 

subalbopictus sp n Ninth tergite 

11 

5 

a 

ii 

novalbopictus sp n Ninth tergite 

11 

6 

ii 

it 

puni sp n Ninth tergite 

13 

7 

a 

ii 

pseudalbopictus Borel Basal plaque from anal 
surface of coxite 

11 

8 

11 

ii 

novalbopictus sp n Basal plaque from anal 
suiface of coxite 

11 

9 

71 

17 

flavopictus Yam Basal plaque from anal surface 
of coxite 

11 

10 

it 

11 

subalbopictus sp n Basal plaque from anal 
surface of coxite 

11 

11 

it 

17 

albopictus (Skuse) Basal plaque from anal 
sui face of coxite 

it 

12 

it 

11 

puni sp n Basal plaque from anal surface of 
coxite 

it 

13 

ii 

11 

albopictus (Skuse) Style and appendage 

a 

14 

it 

11 

flavopictus Yam Style and appendage 

11 

15 

ii 

11 

subalbopictus sp n Style and appendage 

a 

16 

ii 

11 

pseudalbopictus Borel Style and appendage 

a 

17 

ii 

11 

puni sp n Style and appendage 

it 

18 

ii 

11 

novalbopictus sp n Style and appendage 
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BASAL METABOLISM OF THE PRISONERS OF THE DISTRICT 
JAIL, LUCKNOW (UNITED PROVINCES OF AGRA 

AND OUDH) 


BY 

Lieutenant NIANT DHAN BANERJI, mb, bs, airo 
[R eceived for publication, March 20, 1931 ] 


Mote — The entire woik, which is onginal, has been earned out by me 
undei the dnection of the Head of the Department of Physiology, King 
Geoige’s Medical College, Lucknow The expenses weie met entirely fiom 
the Capt Kunwai India] it Smgh, mo, ims, Reseaich Fund of the King 
George’s Medical College, Lucknow Univeisity 

The apparatus which has been used tlnoughout the expenments is the 
‘British Benedict poi table metabolism appai atus closed cncuit type’ ( see 
Plate XII) 

The technique has been followed as indicated m the leaflet M 16 ( Lancet , 
1921, 1924) 

The total nurnbei of individuals investigated was 145, including all classes, 
i e , Hindus and Mohamedans The total number of observations made 
was 305 


Constants — Ceitam pnsoneis of supenoi intelligence had then basal 
metabolism fiequently detei mined By this means a check was kept on the 
appai atus used and also seasonal -\anations noted In addition they were 
exceedingly useful m demonsti atmg to the less intelligent the fact that the 
dctciminations weie not haimful to the e\pei nnental subject 

Results — I hi A gne m the piotocol the actual lesult of 100 diffeient 
delcimmations They show a dneigencc fiom English and Amencan standards 
of G 9 poi cent (see Appendix) 


I found m Lucknow that basal metabolism was subject to vanation as 
wa, indeed to be expected because it has aheady been shown m Europe and 
America that basal metabolism is higher m winter than m summer 

( 229 ) 
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Basal Metabolism of the Prisoners m Lucknow 


I found, howevei, that m the Lucknow (United Provinces) jail the basal 
metabolism did not vary m the dnection to be expected if external tempera- 
ture were the primal v factor detei mining variation, as may be gathered from 
Graph 1 


Graph 1 
1929 



M 

a 


Average atmospheric temperature for 
each month has been charted 

Unbroken line = B M fi, 

Broken line — Tempera tuie 


In the month of Maich the aveiage atmosphei ic tempeiature m Lucknow 
was about 87°F and the aveiage B M R foi the month shows — 9 2 per cent 
In the next month the tempeiature aveiage to 95 2° but the B M R f nils 
to 11 0 per cent In May the tempeiature uses to 102 5° and the B M R 
shows the maximum rise In June the tempeiatuie falls to 94 9°F and 
B M R falls to about — 7 4 per cent, but this fall is not so sharp as one 
would expect considering the fact that the average tempeiatuie m both the 
months of April and June aie nearly the same July records a fuither fall m 
tempeiatuie but B M R uses compared with June The month of August 
xecoids 85 4°F and B M R again falls vlien compaied with the previous 
month In Septembei temperatuie uses but the B M R instead of rising 
show s a gieatei fall than an} of the pievious months excepting the month of 

Apul Theiefoie we conclude that the tempeiature curve and the B M R 
curve are not parallel 

Graph 2 shows the B M R and atmospheric humidity curve In March 
the average atmosphei ic humidity comes to 27 5 per cent and the B M R 
shows an aveiage of —9 2 pei cent Next month the B M R show's the 
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greatest fall while the humidity averages to 25 6 pei cent In the month of 
May the humidity shows the gieatest fall and the B M R rises In June 
humidity uses to 57 0 pei cent and the B M R falls July recoids a still 
greater peicentage of humidity but B M R slightly uses The month of 
August recoids the highest humidity peicentage and the B M R falls when 
compared with the pievious month In September the humidity comes about 
the June standaid but the B M R shows a still fuithei fall when compared 


Graph 2 
1929 



Average atmospheric humidity for each month 
lias been charted 
Unbiohen line — B M R 
Biohen hue = Hygrometnc curve 


hc plc ™' s "“nth of August Fiobably the maximum „ > 
nuuK u.ixc „f August wa* .effected on the B M R m w , C ‘ ° f tIle 

1 “' t <i! " s °f May humidity lose m the succeed.™ ,, ptemb <» From the 
August T I,e lesult of this long spell of humidity was a Tg J ™ e ’ July and 
B II R except foi a slight rise in Julv We oLw W1 m the 

,C B M E from month to month, except foi the ■!““ Graph 2 ‘hat 
mo.c closely the atmosphenc liumidity cmve lather *f h ° f L ApriI > follows 

temperature cun c ' ul,e father than the atmosphenc 
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Basal Metabolism of the Pnsoneis m Lucknow 


The results show that atmosphenc humidity is a highly important deter- 
minant of basal metabolism which tends to fall as humidity rises and vice 
versa 

In Giaph 3 vc plot togethei sickness latio and B M R and find a tendency 
for them to iun paiallel This may indicate that factois which depress basal 
metabolism aie also favouiable to the development of the bacterial enemies 
of man But it may also be intei preted to indicate that the individual of 

Graph 3 
1929 



Sickness Line — JDuect reading of sickness per 
700 of constant population 
along the ordinate 


B M R Lme = Direct reading m percentage 
along the ordinate 


lou B hi It is a favouiable soil foi these enemies to develop m September, 
foi instance, is one of the least healthy months of the yeai m Lucknow and, as 
the experiments show , is a month of low B M R Hence, while the bacterial 
and insect enemies of man may find this a favouiable month foi their own 
de\ elopment, it may be also that the low B M R of the human oiganism 
makes it a favouiable soil 

Barometric piessure — Giaph 4 does not bung out any fact veiy 
definitely, unless it be taken along with the tempeiature charts 
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But we may caulioush ^ax that a*' the pic^suic of the barometei falls, 
metabolism piobably li'-c** and ucc acini Foi example, m the month of Maj*, 
accoidmg to Giaph 1 the piiNinci is at hi 1 ' best, while the pi cosine of the 
atmospheie at tins pc nod is low When in Apnl and Septembei the pusonei 
is vciy low fiom the metabolic point of view we find the bmometiic picssure 
is Inghei than what it was m Mn\ This ^ what we can guaidcdly mteipiet 
fiom the giaphs 


Graph 4 



Barometuc piossure Average foi each month hns been 
cmitccl for 1929 Much to Septembei 

Scale, 1 dn = 10 rams 


Since the conclusion of the picsent woik Mukeiji and Gupta have pub- 

n hed u e /T ltS ° f thGU W ° lk ° n the basal metab °li <, m of the Bengalis (Ind 
ur led Res, Jan 1931) They have found that the B M R of the 

engalis (males) is —13 3 pei cent m Bengal While Sokhcy (1929) woikinn 
m Bombay lecoids a B M R. of — 9 0 pei cent If wn n ,n ^ v ® 

“ f Mlss f D Mason - Madias, we get —16 6 pci cent ns\he Vm R 
of the Madiasi males m Madias M Ocampo, N Coidcio and T p * R 

{J ° W Nuinhon, 1930, 3, 237) have wanked out the basal l , C ° nccpc,on 
of the Filipinos males and females xespectively at 7 8 and 9 " nh ° h ^\ iate 

of 
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Basal Metabolism of the Pnsoneis m Lucknow. 


with a highly humid atmospheie and anyone acclimatized to any one of these 
places would be expected, accoidmg to my icsults, to show a lowei basal meta- 
bolism than an individual living m a waimei, though duel, climate These 
facts lead us to the logical conclusion that the basal metabolism late of the 
Punjabees m the Punjab and of the populace of the N -W Fiontier Piovmces 
vould be consideiably lughci than those of the United Piovmces people, though 
at piesent we have no direct evidence on this 

Conclusions 

1 That the aveiage basal metabolic late of the pusoneis of the Lucknow 
(United Piovmces) jail was found to be 6 9 pei cent below the Euiopean 
standaid 

2 That the high atmosphenc tempeiatuie coupled with a high degree 
of humidity aie probably the most impoitant factois which go to lowei basal 
metabolic late of the Indians m India 

My thanks aie due to Lieut -Colonel J E Clements, i m s , Inspector- 
Geneial of Pusons, United Piovmces of Agia and Oudli, to Majoi S Salaamat 
Ullah, m c , ims, the Supei mtendent of the Jails, Lucknow, to Mi I U Butt, 
Offg Regastiai, Lucknow Umveisity, and to my Professoi of Physiology, 
Dr AY Bui ridge, without whose inspiration and guidance this papei would never 
have seen the light of the day 
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APPENDIX 
Male pn^oncis 
Age^ 20-4.5 mmis 
Undci-tnah not included 


Set ml 
No 

\\ eight (lb ) 

Height (mrlie s) 

Owgcn c oriBiimption 
Pci cent 

] 

101 

Ii5 5 

-9 

O 

1 1 C 

00 r. 

-12 0 

9 

on 

03 

-0 5 

4 

119 

00 

— 20 0 

5 

119 

70 

00 

0 

105 

01 5 

-1 5 

7 

10(3 

05 

-7 0 

8 

118 

07 

-no 

9 

100 

05 

-12 0 

10 

101 

G 8 5 

-20 7 

11 

130 

08 

-27 0 

12 

113 

00 

-10 

13 

101 

GO 5 

-9 

14 

91 

00 5 

-20 0 

15 

115 

05 

-13 

16 

110 

00 

-12 

17 

123 

04 5 

-10 

18 

108 

03 5 

-11 

19 

107 

02 5 

-18 

20 

109 

63 

-2 

21 

92 

04 

-11 

22 

102 

02 5 

+ 10 

23 

119 

05 6 

-10 

24 

117 

07 5 

- 12 5 

25 

99 

00 5 

— 9 

26 

111 

07 5 

+ 14 

27 

114 

05 

—4 o 
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Basal Metabolism of the Pnsoneis in Lucknow. 
APPENDIX — concld 



Serial 

No 

Weight (lb ) 

Height (inches) 

Oxygen consumption 
Per cent 


88 

105 

03 

-15 7 


89 

111 

64 

00 


90 

119 

68 5 

-112 


91 

128 

07 

-3 2 


92 

129 

65 

-9 4 


98 

189 

69 5 

-C 1 


94 

95 

61 

-10 2 


05 

107 

64 

+4 9 


90 

117 

70 5 

-14 7 


97 

Si 

69 

-11 5 


98 

89 

61 5 

+ 12 0 


99 

112 

05 

-14 


100 

110 

06 

—25 

Averages 

100 

112 5=lb 

58 5" 

-G 9 
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A MODIFICATION OF THE ZONDEK-ASCIIIIEIM ^ TES1 ) FOB 
PREGNANCY WITH REFERENCE TO THE HORMONE fe 
EFFECTS ON IMMATURE MALE RATS 


BY 

DHARMENDRA, mb, ns, 

School of Tiopxcal Medicine and Hygiene, Calcutta 

[Rcccnod for publication, March 20, 1931 ] 


Alban and Doisy (1923) described the vaginal smear method foi detection 
and assay of ovaiian hormone Injection of this hormone into immatuie or 
castrated mice oi rats is followed m 48 horns by appearance of cestius Duiing 
the oestrus the uterus with its glands liypei trophies and is filled with secretion 
These authors showed that the vaginal mucous membrane shares these changes, 
the vaginal wall becomes thickened and in the basal cell zone of the mucous 
membrane we find 10-12 layers of polygonal cells the uppei pait of n Inch 
lias a prepondeiance of non-nucleated scales In consequence of this maikcd 
change m the mucous membiane, the vaginal smear of the injected animal 
shows marked differences A vaginal smear fiom a castrated lat contains a 
large number of leucocytes, an occasional elliptical epithelial cell and a a arj mg 
amount of mucous If such a castrated rat is injected with ovarian hormone 
the vaginal smear after 24 hours presents quite a different picture, the leuco- 
cytes have completely disappeared and then place is taken by a large number 
of non-nucleated epithelial scales with nucleated small epithelial cells lieie and 
there 

Lowe (1925), Fels (1926) and otheis demonstrated the presence of the 
ovarian hoimone m the blood and Lowe (1926), Zondek (1928) and otheis m 
the urine of pregnant women 

Detection of this hormone m the blood and the urine by the Allan and 
Doisy test has been utilized by various workeis for the diagnosis of pregnancy 

Bmz (1924) produced signs of premature puberty m infantile mice 
following injections of blood serum of pregnant women using 0 5 cc for curb! 
days Siddal (1928) takes 25 cc of patent's blood,- separates the £ “ 

( 289 ) , c 
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Z on dele- Aschheim Test foi Pregnancy 


winch is miected subcutaneously mice doses into an immature viigm white 
mouse once daily foi 4-5 days, on the 6th day a vaginal smear is made 
Frank (1928) devised his female sex hoimone blood test using 40 c c of blood 
fxom a -vein, the blood is mixed with 30 g anhydious soda sulphate and 
exti acted with ethei, which is then dnven off and the residue dissolved in 
nater The watery emulsion is then injected m 3 equal parts at 3-4 horns 
intervals into a castiated adult white mouse, a vaginal spread is made 24 horns 
after the last injection Mazei and Hoffman (1929) diagnose piegnancy by 
injecting 20 mm of fleshly cathctenzed mine every two hours foi five tunes 
into castiated mice, a positive vaginal spread is regaided as evidence of 
pregnancy 

But all these tests aie liable to give a high percentage of wrong lesults 
as the ovarian hormone level of the blood is laiscd not only during piegnancy 
but also m many cases at the beginning of the menopause, m certain cases of 
amenonhoea (hypei hoimonal foim), m some functional disorders and about a 
week before menstruation Demonsti able amounts of ovanan hoimone appear 
m the blood and mine fiom about the eighth week of piegnancy so that besides 
giving high percentage of erroneous results these tests are not available dui mg 
the fiist eight weeks when diagnosis by biological means is most important 

All the workers including Fiank, Kmgicy and Gustavson (1925) and 
Zondek and Aschheim (1926 and 19275) agiee that extracts of whole ovaiy, 
cot pus luteum oi placenta, which cause a sti iking and unmistakable stimulation 
of the tubular genital tract of the animals injected, have no effect on the 
ovaries of either matuie oi immatuie animals It is theiefore cleai that there 
is something outside the ovanes themselves that influences these glands That 
intimate lelationship exists between the antenor pituitary and the sex glands 
had long been knoun through the works of Ciowe, Cushing and Homans (1910), 
Goebwh (1916) and otheis 

Evans and Long (1922) aftei administration of antenoi hypophysis 
secietion found the ovaries in injected animals double the weight and contain- 
ing a laigei number of coipoia Ivtea than m control littei mates 

The recent work in this direction of Zondek and Aschheim and Phillip 
Smith has conclusively pio\ed that antenor pituitary is the 'motor of the 
gonads,’ and that puberty depends on its secretion activating the gonads 

Zondek and Aschheim (1927«) tiled the effects of transplants of e\ery 
organ of internal and external secietion and injections with unspecific sub- 
stances on 150 animals but could induce no change m the ovanes When, 
houeier, a small piece (10 mg ) of the anterior lobe of the pituitary (posterior 
lobe had no effect) was implanted m 3-5 weeks old mice, activity m the 
ovaries of these animals was produced within the first 100 hours The changes 
included hypertiophy of the ovaries, maturation of follicles and piesence of 
corpora hmnorrhagica and corpora lutea m them The ovarian hormone 
coming into action produced the oestrus as shown by a positive vaginal smpar 
and hypertrophy of -vagina and uterus 
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Philip Smith (1926) and Smith and Engle (1927) with transplants of 
pitiutai y fiom rats into infantile female ints found that this pioccdmc rapidly 
induced changes cliai actci istic of sexual matunty (opening of vagina, utenne 
hyperemia and distension, follicle and coipoia foimation) Expel iments 
showed that the antenoi pituitaiy component of the tiansplani was icsponsible 
foi this induction of the piematuic sexual matunty In the absence of the 
ovanes, no piecocity in development of the utcius or vagina is brought about 
by pituitai } tiansplants, it is effected by ovanan giowtli induced by pituitaiy 
transplants Smith (19275) also found that atiophy of s C x oigans aming 
fiom lemoval of antenoi pituitaiy could be completely oi ncaily completely 
cuied by daily pituitaiy homologous grafts 

This action on the ovanes fonned the basis of the Zondclc and Aschhcim 
(1928) test foi detection and estimation of the antenoi pituitaiy hoi mono, 
infantile mice 3-4 weeks old and weighing 6 to 8 aie used foi the test Injec- 
tion of the hoimone pioduces within 100 houis (1) enlaigement and ripening 
of ovanan follicles, (2) mobilization of ovanan hoimone and hence the pio- 
duction of the oestius, (3) pioduction of coipoia lutca atrehea (luteimzation 
of granulosa cells m follicles fiom which the ovum has not been extiuded) 


Zondek and Aschheim (1928) discovered that dining piegnancy, even 
immediately after conception, thcie was a sti iking ovei -pioduction of the 
hormone of the antenoi pituitaiy which was found m decidua and placenta 
and was excieted m unne This piovided the ba=is of then new test foi the 
diagnosis of piegnancy by the detection of the antenoi pituitary hormone in 
the urine (Aschheim and Zondek, 1928) 


Perez (1921), Jung (1922), Gentih (1922) and otlieis have shown that 
the pituitary hyperti opines dunng piegnancy That tins incieasc of function 
on the part of the hypophysis was essential foi the continuation of piegnancy 
was showm by Aschner (1924) who found that extnpation of the antenoi 
pituitaiy dui mg piegnancy wms followed by aboition The indispensabilitj 
of sufficient amount of ovarian hormone for canying piegnancy to teim had 
already been showm by Andres (1921) who presented a veiy intei estmg clinical 
history to prove that insufficiency of the ovaiy may be a direct cause of 
aboition The patient exhibiting evident symptoms of ovanan insufficiency 
was a pnmipara who suffeied abortion without appaient cause Upon becoming 
pregnant a second time she was submitted to ovarian theiapy following which 
the pregnancy progressed noimally until medication was suspended Four days 
later a second abortion occuired A third piegnancy took place and dunng the 

w mle period of gestation she was treated energetically by the above mentioned 
tieatment A normal child was born 

The diagnosis of pregnancy by the detection of the antenoi pituitary 

all teT * Zondek ‘ A f chheim reaction) has not the disadvantages common to 
all tests based on detection of ovarian hormone since the mtmtnn l 

is present in the blood and the urme fiom the ve.y beginning of p, “ 
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and is not present (accoidmg to Zondek- Aschheim) m any other condition 
Fluhmann (1929o) using this test demonstrated the presence of antenor 
pituitaiy lioimone m the blood of women aftei bilatenal oophoiectomy and 
after ladiation castiation, and the eailiei woikeis (Tandlei and Grosz, Kon, 
Kolde and Rossle) had demonstrated the pituitaiy hypeitiophy aftei castiation 
Engle (1929a) has shown that ovarian response of immature mice and rats 
following the daily tiansplants of fresh antenoi lobe taken fiom castrated rats 
is significantly greatei than the response to anterior lobe transplants from 
noimal animals while the pituitaiy of castrated animals is larger than that of 
noimal These observations explain the few positive reactions obtained with 
cases of menopause which so to say is a condition of natural castration, but 
it is obvious from the predominantly large number of negative reactions with 
climacteric cases that it is only m a very small percentage of cases that the 
pituitary hoimone level of the blood at this period of life reaches high enough 
to give a positive Zondek -Aschheim reaction 

While the utility and reliability of the reaction for diagnosing pregnancy 
has not been questioned, exception has been taken to calling the test an anterior 
pituitary function test In other woids the claim that it is the anterior 
pituitary hoimone m the urine of pregnant women that stimulates ovarian 
activity m animals miected with such unne is contested Engle (1929b) 
pointed out the differences m ovarian response elicited by treatment with urine 
from piegnant women and by freshly implanted pituitary lobe He remarks 
that either of the two methods of treatment causes follicular growth, but there 
the companson ceases The standard response from fresh gland transplants 
is follicular growth followed by ovulation, the only luteimzation that occurs 
m the ovary of the mimatuie mouse is subsequent to ovulation In the 
lesponse obtained by mine, ovulation has nevei been secured, instead it is 
effectively inhibited by atresia of the gianulosa and by the formation of the 
cot pits Ivteum Collip (1930) demonstrated an ovary stimulating hormone of 
the placenta and he considers it piobable that this internal secretion is 
elaborated m the placenta and is not merely the internal seeietion of the 
anterioi lobe of pituitaiy stoied m the placenta Klein (1930) found 
luemonhagic follicles and coipora lute a m the ovary after injection of placental 
extiact, but he did not find the increased thyroid activity described by injec- 
tions of hypophysm He thinks that the placenta contains a substance which 
acts on the ovary but which is not hypophysm Bacon (1930) found that 
piegnant hypophysis were poorei m hormone content than the non-pregnant 
ones, although the hormone content of piegnant blood is vastly greater He 
explains this by a possible reduction m activity brought about by a vicarious 
hormone production in the decidua on analogy to the disappearance of ovarian 
hoimone from the cot pus lut&um of pregnancy with the increase of hormone 
production by placenta 

Whether the ovary stimulating substance m the urme of pregnant women 
is anterior pituitaiy hormone as claimed by Zondek and Aschheim or a placental 



Dltcu mend) a 


243 


hormone as suggested by Collip Klein and Bacon make no difference in 
accuiacy, lchability and utility of the Zondek- Aschhcim icaction foi picgnancy 
The test lias alieady given conclusive lcsults in hands of vanous woilceis 
Aschhenn (1930) lcpoited 880 cases with 12 failuics, an accuiacy of 98 6 per 
cent, these included 410 cases of picgnancy of which 402 gave positive lcsults, 
126 cases of amenonhcea, 12 of climactenc, 40 healthy women, GO female 
patients not piegnant, 10 women with nicgulai bleeding, 40 cases of disturb- 
ances of internal secictions, 20 cases of inflammatoiy gynecological conditions, 
25 cases ot benign ovanan tumoui, 35 cases of myomata uten, all giving nega- 
tive lesults, out of 66 cases of caicmoma 64 wcic negative, the two giving 
positive lesults wcic of genital caicmoma, out of 16 ca^cs from men only 
1 gave a positive lcsult and in that ca^e change of mine was suspected, out of 
mines fiom 20 cases of intei nal diseases only one gave a positive lcsult The 
eaihest cases diagnosed weie fiom 5 to 6 weeks of gestation He quoted 
350 cases tested in the Univcisity clinic of Frankfuit with 98 pei cent accuiacy, 
100 cases in Schaafei’s clinic with the same peicentage, and 50 cases in a 
women’s hospital in New Yoilc with one enoi 


Joffeck (1930) quotes 197 cases of picgnancy m which Zondek got only 

4 negative lesults but, even of these, two examined a second time wcic positive 
and the examination could not be lepcated with the otlici tuo Allan and 
Dickens (1930) examined 126 cases definitely known to be piegnant and got 
122 positive results, 82 cases known definitely not to be piegnant and got 
81 negative lesults, 6 urines of males all of them leactmg negatively, out of 

5 cases of menopause only one gave a weak positive result The eaihest case 
diagnosed was one m which period was oveidue 9 days only Wagnci got 
similar results Ciew (1930) repoits 460 cases of piegnancy (foi which he 
had received control information), out of these 446 were letuincd as coircct 
and 14 as incorrect, of these 14 one was negative accouhng to the physician 
who sent the mine while the Zondek-Aschheim icaction was positive (lepeated 
three weeks later it gave a negative icaction), m the lemammg 13 the Zondek- 
Aschheim reaction was negative while aecoidmg to the attending physician it 
ought to have been positive The analysis of these 13 cases is lather interesting 
— 4 proved to be cases of dead ovum as m two of them a maceiated feetus 
was delivered 12 horns after the urine was taken and anothei two weie Iatei 
diagnosed as missed abortion, one miscan led 1 month aftei and another 
aborted 15 days after urme was taken, m two cases a positive ' i eaction was 
obtained on repetition, no detail was supplied m three cases The eaihest 
cases diagnosed were two within 8 days of the last menstrual period and two 

within 40 days of^it^ W “’ ,,n 2 ° ^ ° f last «*» 5 

to term, when there is insufficiency of these hormones if i=s 1 piegnancy 

before time and ,n snob eases a iative rl^ZZ teU “ 



244 


Zondek- Ascliheim Test foi Piegnancy 


perhaps this insufficiency of hormones explains the negative reaction m cases 
described by Ciew who aboited and miscarned 

On the othei hand the hoimone lesponsible foi the test depends foi its 
existence on the vital connection between the placental tissue and the uterine 
Avail, when that ceases on termination of piegnancy it begins to deciease and 
disappeais totally by the 8tli day after labour If that vital connection is 
lost eailiei by death of the fcetus (although both the fcetus and the placenta 
may lemain m the uteius foi the time being) the hoimone pioduction will 
cease and the reaction will become negative and probably this explains of its 
absence in 4 of Clew’s cases who weie latei pioved to be women m whom the 
foetus had died 

Louna (1928) earned out the test m 132 cases, 87 specimens came flora 
all stages of pregnancy and showed a leaction m 98 pei cent of cases The 
eaihest case that gave a positive leaction was a woman whose menstiual 
period was 7 days oveidue, there weie seveial othei women m the fiist tlnee 
weeks of gestation all of whom showed a positive leaction Of 45 specimens 
obtained fiom non-piegnant cases only one gave the positive leaction 
Erhaidt (1929) on the basis of 300 cases confiimed the reliability of Zondek- 
Aschhenn leaction 

Biulil (1929) says that a positive lesult with piegnancy leaction of 
Ascliheim and Zondek gives vciy definite evidence of piegnancy and a negative 
lesult of leaction excludes piegnancy with 100 pei cent suiety 

Biougha and Simmonet (1928 and 1930) extensively tiled the leaction 
foi eaily diagnosis of pregnancy, they found that m all cases when li£emoi- 
lliagic follicles and coipus luteum followed injection of seium into the mouse 
the piegnancy existed and m all cases when the leaction was negative the 
giavicl state did not exist 

Flulmiann’s (1929b) lesults weie lathei less cncoiu aging, he examined 
100 cases, 48 of piegnancy and 52 conti ols of the 48 cases of piegnancy he 
obtained no leaction in 2 leaction foi ovanan hoimone m 11, and for pituitary 
hoimone m 35, on the othei hand m 52 conti ol cases reaction foi anterior 
pituitaiy hoimone v r as obtained 6 times 

Fiank (1929) who finds the test disappointing because on one hand lie 
was unable to keep m stock the laige amount of immatuie mice needed for 
pei foimmg the test and secondly, the immatuie mice legularly died dui mg the 
eouise of injections long befoie a leading could be taken, says that this is by 
fai the best test of piegnancy as yet cliscoveied 

The difficulty of keeping a laige stock of immatuie mice is ceitamly a 
gieat thawback, but no woikcr othei than Frank has experienced the high 
death late among the injected animals, Zondek and Ascliheim had 16 to 17 per 
cent of then animals dying and m my expenments only 10 pei cent of the 
animals died 

I commenced woikmg at this test on the suggestion of my chief, Lieut - 
Colonel H W Acton, cie, ms Director and Piofessor of Pathology and 
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Bactcuology, School of Tiopical Medicine, Calcutta, m older to test the 
antenoi pituitaiy function of patients suffcimg fiom hypci -kci atotic conditions 
of the skm, eg, ichthyosis, scleiodeima, psoriasis, etc, as Colonel Acton 
believes that these diseases aic due to a hypci -pituitaiy dysfunction Only a 
few of these cases weic tested but no changes weie found in the ovancs of 
injected animals aftei 2 4 cc of blood scium injected m doses of 0 4 cc each 
(in cases of piegnancy 0 5 cc of the seium gave positive icsults) 

While doing the test accouhng to standaid methods (but using lats 
instead of mice) it was noted that m the tiopics matunty amongst the lats 
is attained lathei eailiei than in mice m coldci climates so that some modifi- 
cation in the mmoi details of technique aic ncce^saiy Befoic pointing out the 
diffeiences noted it would be bcttei to dcsenbe the test m onginal 


The Technique 


Collection of wine — The morning specimen of mine is collected in a clean 
bottle Alcohol should not be used foi cleaning the bottle oi if used should 
be thoioughly washed away with watci as the antenoi pituitaiy hoi mono is 
piecipitated by this leagent as well as by etlici and acetone The morning 
specimen befoie any food oi dunk is med foi the tests as the hoi mono in the 
latei specimens will be diluted by dunking watci, etc The oiigmatois of the 
test used a voided specimen of mine, but othei woikcis lccommendcd a catheter 
specimen of mine m piefeiencc If the uimc is tuibul it should be filtcicd 
and its leaction made slightly acid if it is not aheady so If the sjiecimcn is 
not to be used foi some time, oi if it has to be sent by post a dioji of tncresol 
to every 30 c c of mine is added It is bettei to send two specimens, one with 
tiiciesol and the othei without it 


Selection of animals — Foi each test five or moie infantile mice aie used 
as some may die and some may not leact The icsult is lecoided positive 
even if one of the animals used gives a positive reaction Aschhenn and Zondek 
take mice fiom 3 to 4 weeks and weighing 6 to 8 gs Allan and Dicken used 
mice of 21 to 24 days age, not above 24 days as Engle and Rosnco (1928) 
found that mice showed a fiist oestrus fiom 28th to 49th day of life 

Infections Injections aie made subcutaneously latcially m the back, caie 
being taken not to enter the pentoneum oi pleural cavity, instantaneous death 
follows such a mishap An assistant holds the mouse with the left hand by 
the tail, Ins light hand grasps one ear with a foi ceps, the tips of which me 
protected by a rubber tubing from a blood counting outfit Labelling of the 

fuZm ““ y “ fiTO brush •™ d «>"»«ibated ca.bo- 


t.onsTe.n7s;l^“ 

3 injections on the first day and three on the second Lon^gatt ^ Zl 
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a day foi 3 days Allan and Dickens distribute tlieir 6 injections over 48 hours 
as equally as is possible, then times of injections are as follows — 

1st day 12 pm 6pm 

2nd day 9 am 3pm and 9pm 

3id day 9 am 

Doses — Zondek and Asclilieim give vaiying doses to the animals used, 
the fiist animal gets 0 2 cc foi each injection, the second 0 25, the third and 
foiu til 0 3 and the fifth 0 4 cc If six animals are used two of them get 
0 25 c c Allan and Dickens found no special advantage m varying the doses 
and they give 0 3 c c to all the animals Louna also gave this dose to all 
the animals used 

Duiation oj the test — The animals aie autopsied 100 hours after the first 
injection, i e , on the morning of the 5th day counting from the fiist day of 
injection (if the expenment commenced on Monday animals aie sacnficed on 
Fuday morning) 

Reading oj lesults — One hundred hours aftei injection the animals aie 
killed, a vaginal smeai made and the abdomen opened By gently pulling the 
utenne hoin, the ovary appears fiom undei the lowei pole of the kidney, 
togethci with fatty tissue The conditions of the ovanes, utenne horns, uteius 
and •vagina aie noted If the led points (to be mentioned hereafter) aie not 
found m the ovaiy mici oscopically some woikeis squeeze the ovaiy m glycerol 
and examine maci oscopically undei a covei-shp It is bettei to piepaie serial 
sections of the ovaiy m all the cases, but some workeis lecommend this to be 
done only in doubtful cases, because m the majority of cases the macioscopic 
appeal ances aie so maiked that the lesult can be safely lecoided without 
utilizing the micioscope Foi this leason some depend wholly on macroscopic 
findings, it these aie negative the test is lepeated 

Intel pi etation oj lesults — In the untieated mouse of nnmatuie age the 
vagina is a solid coid of cells, the uten aie thiead-hke, the ovanes are pale- 
gicsish pink and haidly the size of a pin-head and microscopically contain only 
umipe follicles 

Following the injections of urine a positive test is indicated by 

Macroseopically 

(1) opening of the vagina, 

(2) cnlai gement, thickening and distension of uteius (Plate XIII), 

(3) ovanes aie twice oi tlnee times laigei and distinctly red and present 

submihaiy yellowish piotrusions which conespond to corpoia 
, Intea oi cyanotic piotrusions (red dots of varying size) which are 

due to luemoirliage into a follicle oi corpus Interim (Plate XIII) 

Micio=copically 

(1) vaginal smeai shows coinified non-nuclcated epithelial scales with 
valuing piopoitions of nucleated epithelial cells Section of the 
vagina shows desquamation (Plate XIII), 
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(21 line ciaflian follicles m Hie ovmy (Piute XIV), 

(3) Got pus heemon haQicum oi corpus lut cum oi both in the ovary 

(Plate XIV) 

Reactions 1 and 2 (both nncio- and macio^copic) aic not dim actci istic 
of piegnancy as they can be pioduccd by conditions othei than piegnancy 
Only icaction numbci 3, i c , the piesence of coi pout lulca oi corpoxi lucmor- 
i haaica oi both is diagnostic of piegnancy In this connection it is specially 
to be noted that the piesence of lipe gtaflinn follicles only i<- not to be taken 


as evidence of piegnancy* 

If only the fust two stages me l cached m the icaction, the ted Hioulrl 
be lepeated aftei some days 

In mtcipicting the test one point is always to be kept in mind, that 
a positive test is not nccc«sm lly a sign of the piesence of a fu'tus but a 
sign of piesence in the body of a highly active c ouicc of the hoi mono ic c pon- 
sible foi the test such as placenta oi its dciivativc® oi some othei aboimallv 
active tissue The test has been piovod to ^liow a po'utitc icaction in eases 
of letamed adherent pieces of placenta, incomplete aboition, hjdatidiforin 
mole, and choiiomc epithelioma On the othei hand the piesence of an inactnc 
(dead) placenta is not associated with pioduclion of this hormone and so 
the piesence of a dead foetus and placenta docs not lead to a po<nti\e test A 
. clinical case of Fiank (1929) dcmondi ates veiy clemlv that the po'itne 
reaction can be obtained m a ca^c of letamed placenta Although tins test 
is an ovanan hoimone function ted, it is woi tli wdiile to quote this ease of 
Frank’s as it bungs out the impoitancc of placental tissue 


‘ Case 1403, A L D w r as admitted wntli the liistoi y of having been 
dehveied, at a difficult laboui, of a dead feetus at full teim on 9th May, 1927, 
after a very distuibed piegnancy dui mg which high blood-picssuic and 
albuminuria had been noted An nieconcilable diffeicnce m the statement of 
patient and physician existed The patient asseited that the aftei -bath had 
not come away The doctoi on the othei hand declmed that the placenta had 
been passed The patient was admitted 17 days aftei laboui with a uterus 
reaching one half way to the umbilicus, with little loehea and no foul dis- 
charge A blood test was taken 26th May, 1927, and gave a +3 The com- 
plete placenta was manually lemoved piecemeal It was found m frcsli 
condition, not specially adheient but evidently m dnect contact with the 
maternal cnculation’ 

I may now quote my cxpenences with the test — 

ah TVhll< ? IT 5 teSt WlWl mfantlle lats accoidmg to details given by 
Ian and Dickens (who used mice m then woik) the following points of 
diffeience were noted 1 


* Aschheim and Zondek have isolated two r. ^ " " ' ' 

lobe, one of which (Prolan A) causes follicle devnln om tllc ficcietion of the mtcrioi 
luteimzation of the follicle epithelium It +1 P ment . tlle other (Prolan B) causing 
» daWMte of pregnancy P “ “ “ ** »' M-m B m the unno tlj 
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(1) Selection of animals In batches of lats used on 21st day of their 
age, occasionally conti ol ones (lecemng no injections at all) gave a positive 
vaginal smeai and showed hypei trophy of the vagina uteius, and utenne horns 
This means that cestius m these animals (in the tiopics) may begin as eaily 
as the 25tli day after bntli No blood points weie obseived m these conti ol 
lats showing hypei tiophy of the vagina and uterus, and the test depends only 
on changes m the ovanes, so that it could be peifoimed with lats of this age, 
but it is a decided advantage to peiform the test with animals at an age when 
commencing ccstial changes aie not obseived Keeping this point m view I 
tiled to find a suitable age limit of rats used for the test m the tiopics It 
vas obseived that the sex m infantile rats could be diffeientiated as eaily as 
at 10 days of age, but the eyes do not open befoie they weie 16 days old, and 
unless the eyes weie opened the animals could not possibly live mdependentlv 
of then motheis So the eaihest age was 17 days and it was found that lats 
17 to 20 days old weie the most suitable These animals at "this age weigh 
fiom 12 to 15 gs , can stand the injections quite well, and aie capable of 
leading positively 

(2) Opening of vagina It is stated that m mice used at the 21-24 days 
age and giving negative lesults, the vagina was a solid coid of cells while 
m positive cases it was canalized No such difference could be obseived m 
lats even with the lowei age (17-20 days) as the vagina of all animals whethei 
giving positive or negative lesults oi kept as conti ols was found canalized 
Uowevei, tlieie was this diffeience that the external vaginal opening was not 
patent m the conti ol and negative animals (used at 17-20 days) while it was 
patent m positive cases 

(3) Thickness of uteius In case of lats (even with the lower age 
17-20 days) although the uteius m the control and negative cases was 
decidedly thinner and less developed than m positive cases it was never as 
thin as a tlnead 

(4) The time of injections iwed by Allan and Dickens was lathei mcon- 
\enicnt as it lequires injection to be given at 9 p m on the second day The 
hiA few expei iments weie done aceoidmg to these authois’ times but latei the 

injections were distnbuted over tlnee days giving two injections a day, 
one m the morning and the othei m the* evening, as it was found that lesults 
got with this pioccduie diffeied m no way fiom those got with Allan and 
Dickens timing Tlnee injections a day foi tlnee days weie tiled aftei Louna 
but no definite improvement m lesults was noted 

The following points weie m addition noted in connection with the test — 

(1) To find whethei the pituitaiy hoimone contained in uiinc and seium 
of picgnunf women and affecting the piccocious sexual matunty in infantile 
iaD contained any giow'th pioducmg factor both the conti ols and animals 
aitualh used in the test v'eie accuiately weighed at the beginning and end 
of the expei iment and it w T as obseived that theie w r as no difference m the 
average increase m w r eight m uninjected and negative cases on one hand and 
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positive cases on the otliei Fiom this it can be concluded that no giowth 
factoi is piesent m the hoi mono m the scium and mine of piegnant women 
This finding is m concuncncc witli the lcsults ai lived at by Evans and Simpson 
(1928) that the mine of piegnant women contains the matuiity piovokmg and 
not the giowth piomoting hoi mono of the antenoi pitmtaiy Laquei (1929) 
also did not find the giowth piovokmg factoi in the honnonc piesent in 
mines of piegnant women 

(2) Taking in view the compaiativc case in this countiy of getting a 
sample of blood competed with a cathctei specimen of mine, the test was 
peifonned with blood scium simultaneously with mine, and it was noted that 
m most cases lesults with seimn weic moie maiked than with mine, appai cntly 
due to the hoimone being m a gieatci concentiation in the blood than in the 
mine Five injections of 0 1 c c of seium gave positive le-uilt*, doubling the 
amount, le, giving 0 2 cc foi each injection did not make an> appicciable 
d’ffeience in the leaction 

Seium gives moie maiked lesults, is easiei to obtain than a catheter 
specimen of mine, can be obtained at any hom the case is seen (in case of 
the mine only the morning specimen can be used), seium is com ement for 
sending by post and is less liable to decomposition and its consequent toxic 
effects on injected animals With seium, moieovci, it is possible to i educe the 
numbei of annuals used Ongmallv five oi moie animals weic used foi each 
test, because some may die and some may not leact Realizing the difficulty 
of bleeding a laige numbei of infantile lats and cncomaged by the low pci- 
centage of deaths amongst oui animals combined noth the fact that no animal 
injected with blood seium died and that seium gave moie maiked i emits, in 
the latei cxpenments I used only tw r o lats foi each test and a positive result 
always occurred whenevei the woman waas piegnant If tw r o animals weic 
to be injected with seium it' would lequne only 1 cc of it foi both oi one 
could be injected with seium (only 0 5 cc lequned) and the otliei with mine 
(not necessanly a cathetei specimen) In this connection it is to be pointed 
out that voided specimens gave a slightly lnghei death late than the cathetei 
specimen In the animals injected with mine aftei cathetei ization deaths 
occuned m two expenments, whilst in one of these the whole five animals 
died suggesting that theie may have been some toxic substance piesent in the 
mine In the mine injected aftei being passed the deaths among the animals 
wcie scattered m the series Triciesol oi any otliei antiseptic was nevei used 

eithei foi catheter oi voided specimens, mines when not m use weic kent m 
the ice chest or cool loom * 


(3) E f 0,ts w f e to ‘“luce the duiation of the test and it nas found 
that with large, doses .mooted at shoite. intenals the .oact.on could be go 
at east on the morning of the 4th day, but the standa.d method ,s cc.ta.Sy 
bettc. As aheady observed dew (1930) has evolved a,, eme.genc, test 
uheiebi lie can record positive !esults witlim 60 horns Eiha.dt nqoqn 
tried various procedures m the mouse to shorten the time nSessmy loi eanymg 
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out the test These included splenectomy, unilateral ovariectomy, partial or 
complete removal of the uterus and keeping test mice m warm surrounding 
(32°-40°C ) None of these weie successful Implantation of othei ductless 
glands along with the antenor lobe of the pituitary gave inconstant results as 
also did injections of antenor pituitary hormone, along with adrenalin, hypo- 
physm, insulin, and thyioxm 

(4) Labelling the rats by means of a fine blush and India ink was tried, 
the maiks neaily disappeai on the 2nd or 3rd day, it may be that the animals 
m the same cage lick this off from each othei s’ body They have to be marked 
at least two or three times The method of snipping off small segments from 
diffeient portions from the ears of lats as suggested and used by Frank (1929) 
was found to be very satisfactory 

The vaginal smear is made with the help of a platinum loop, it is passed 
into the vagina deep enough to leach its upper limit, then withdrawn and the 
loop rubbed on a clean slide 

I have alieady referred to the difficulty of bieechng large number of 
infantile rats specially because I have experienced the tendency of seveial 
mothei lats to destroy then litters while veiy young, sometimes this expenence 
is veiy annoying as seveial successive batches aie destroyed like this And 
then out of the survivois the male ones had to be rejected so that the supply 
was fuithei cut down There is no place here fiom where rats of known age 
could be obtained The very limited supply of infantile female rats of proper 
age coupled with the fact that the age limits between which these animals can 
be used foi the test are ratliei nanow, makes it almost impossible to perform 
the test unless earned out on a large scale as veiy laige number of lats would 
have to be kept to insiue a regulai supply of animals of the proper age on 
any day Another point is that the test cannot be available to the physicians 
who only require its help every now and then as it ivould not pay to keep up 
this breeding m order to do a few tests fiom time to time In my attempt to 
solve these difficulties I turned to male lats and tried the effects of the urine 
and seium from pregnant women on them The results were distinctly 
encouraging 

It was noted that m infantile male lats aftei injections with urine from 
pregnant women (three injections of 0 3-0 4 c c thrice a day for two days) 
there was definite increase m the size of the testicles, seminal vesicles, prostate 
and Cowper’s glands and penis as compared with controls and above all the 
testicles m the injected animals descended into the sciotum while m the controls 
they weie still m the abdomen (Plate XV) The descent of the testicles can 
be noted as early as on the fourth day aftei beginning the injection and 
becomes better marked on the 5th This reaction can be obtained m rats from 
the 21st da} to such time as the testicles descend (In two rats watched up to 
49 days of age the testicles descended m one at six weeks of age while they 
had not descended m the other It requires further observations on a large 
number of animals to be able to say definitely the age at which the testicles 
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usually descend) Micioscopically the scmmifcious tubules m the testes arc 
widei and the spci matogenous epithelium is mole active (fmthcr observations 
me needed to find when inatuic spcimatozoa fust appeal and by how many 
days the injections can anti-date this inability) Tlieic is mailced by pci - 
plasm m the piostatc, seminal vesicles, and Cowpci’s gland 

The effect of injections on oldci mts with descended testicles w f ns tried, 
m these the injections mci cased the size of the testicles, seminal vesicles, 
Cow pel’s and pi estate glands (Plate XVI) 

On adult male lats with fully developed and descended testicles the effects 
of injections wcie vanable, m one case thcie was no appreciable effect, m the 
other the sciotal pioininance became much moic mailced and hypcnemic and 
m a thud there was definite regressive effect, the testicles were smaller and 
had become abdominal but the penis was hypcnemic as compared with the 
control 


Turning to the liteiature on the effects of the pituitary anterior lobe 
transplants 01 feeding and injections of urine from pregnant women one finds 
that Phillip Smith (1927b) obseived that daily pituitary homologous grafts 
hasten the growdli of the genital system m the immature male rat There is 
no marked effect on size of the testicle m the younger animal The genital 
system exclusive of testicles, how r evei, show's a marked increase With increase 
m age and more prolonged treatment the testicular response is also marked 
Smith and Engle (1927) found that the genital system of the male mouse 
responds to pituitary homo- and lietero- tiansplants, the lesponse of the 
testis is not so marked and is variable wdnle the icmammg oigans increase m 
weight and activity They showed that implanted pituitary affected the 
genital tract through mtei-mediacy of the testes, for m their absence no 
growdh response lesulted m the lemamder of the genital tiact Goctsch (1916) 
by anterior pituitary feeding m male lats obseived maikcd increase in w'cight 
and active development of genitalia and an entue complete descent of testicles 


which even on gross inspection and palpation weie definitely laigei than those 
of control male Zondek and Ascliheim (1927b) found that injection of the 
antenor lobe pituitary hormone derived from unne of piegnant women pro- 
duced only a slight enlargement of the testes, but a 3 to 5 fold increase in the 
size of the vesiculse semmahs Engle (1929c) working with immature male 
rats observed marked hypertrophy of sex appaiatus after injections of mine 
from pregnant women Bouglia and Simmonet (1929) report that the mine 
of women at the beginning of pregnancy stimulates the development of the 
genital tract m the male mouse before pubeity and causes hypeitiophv of 
accessory glands m adult males They say that after 3 months’ pregnancy 
folheulm becomes prominent m the urine and overshadows the hypophyseal 
secretion so that such urine has an mh.bito.y influence on the gcnita t.act 
Fels (quoted by Korenclievsky, 1930) on the other hand injected infantile mat 
mice with serum from pregnant women, the testes were smaller than no. mt 
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though histologically the amount of interstitial cells was increased, the piostate 
and seminal vesicles weie hypeiti opined 

The htcratuie on effects of extiaets of antenoi pituitary on the male 
genital organs is latliei conflicting, some woikeis leportmg a stimulat- 
ing and otlieis a legiessive action This conflicting natuie of findings 
may, howevei, be reconciled when one takes into account the obsei- 
vations of Evans and Simpson (1928) Then work established the 
presence of two hormones m the anterior pituitary secietion, one 
giowth piomotmg and the other maturity provoking, alkaline extracts 
of antenoi pituitaiy being effective in stimulating giowth and acid 
extracts m provoking maturity They further observed that the effects of 
the matunty piovoking honnone can be completely nullified by simultaneous 
admmistiation of the growth piovoking hormone Putnam (1929) and 
Hewitt (1929) also showed the piesence of these two separate hormones in 
the antenoi pituitary Results m cases where an alkaline extiact is used 
would theiefore natuially diffei from those m which acid extract is used To 
bung out the fact that lesults will differ according to technique, more clearly 
it would be better to quote a concrete example Evans and his co-workers 
in 1926 found that an extiact of hypophysis delays sexual maturity in the 
male lat, autopsy of two treated male lats, when compared with their controls 
showed gieat diminution in testes weight But after establishing the presence 
of two sepai ate hormones in the anterior pituitaiy they observed that m the 
hypophysis tlieie was not a gonad depressing but a gonad stimulating hormone, 
tliev explained then previous conti adictory results by the fact that the growth 
piomotmg hormone completely nullifies the effect of gonad stimulating hormone 
v hen simultaneously admimsteied 

As already noted, Bougha and Simmonet (1929) report that after 3 months’ 
pregnancy folhcuhn becomes prominent in the urine and overshadows hypho- 
physcal secretion so that such urme has an mhibitoiy effect on the male genital 
tiact My expei lence on this point is quite diffei ent, with 16 specimens of 
mine from pregnancies of 4th, 5th, 6th, 7th and 9th months never was any 
regressive effect observed on immature rats Effects of thiee of these speci- 
mens of mine weie tried on adult male rats with variable results, m one case 
tlieie was no appieciable change, m another theie was a stimulating influence, 
while m the third a legressive effect was noted, the testicles became smaller 
and tiavelled back into the abdomen No relation between the period of 
pregnancy and extent of stimulation was noted In one case the urme from 
a 7-month case of pregnancy gave a less marked result than that from a 2 
months’ pregnancy (both tests were done side by side) but m other cases urines 
from the 7th month gave quite marked results and one case 36 weeks pregnant 
gave better results than another of 2 months only (both tests were done side 
by side) It requires observations on an extensive scale to be able to reach 
any conclusions on this point For the present it wall be remembered that two 
hormones are excreted m the urme of pregnant women, 'ovarian and anterior 
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piluitnn, the ovai inn lioimonc slowly incica=es in ihc fnsl eight weeks nftei 
vlnoh tune i( glows qmokh gning ihc laigesi amount m <he last I iwo mouihs, 
while on the Slh di\ nftei dehvciv uime is cpult* flee fiom ll 'Hie pit mini > 
hoi mono is pic=enl in huge quantity on 5-7 dais of conn pi ion, and inn eases 
in amount until 8th month, aftei which it is i educed and disippe.us enlnoh 
on the 8th day aftei delneiv So that dm mg the fust, 2 months of piegnamw 
the onh hoi mono m the mine to have Us effect on the injected animals is the 
ant ci 101 pitmtai \ 'Aftei this (he o\ ai inn lionnone also comes mlo pla\ to 
C \eit its action on the male genital =x=tcm That ovanan hormone o\eits an 
anti-masculine effect was fust, shown In Goct=ch and Ileimann and Stein 
Goctsch (1916) with corpus Interim feeding olnencd that the testes became 
smallei m size and weight Fianlc (1920) cpiotcs tlie woik of Hermann and 
Stem who found that lipoid extinct of corpus luteum not onh excited an 
mlnbitoiv effect on the giowth of immafme testes of iabhit« but al«o on 
spci matogenesis In oldci animals if spcimatogcncsis had begun legicssion 
took place Tiufli (1927) and Laquci (1927) hate 0 ) 1=01 \ed a definite anti- 
masculinc effect excited bv ovanan lionnone Holding and Ramucz (102S) 
found that in male lats getting injections of ovanan lionnone the =izc and 
weight of the testicles was one-half 01 onc-thnd of its control hllei mate Moic 
noticeable than this, how c\ ei , was the fact that in animals rooming injections, 
the testicles lcmained 111 the abdomen while m conti ols thc\ descended into 
the scrotum 


On the othci hand Fcllnci (1921; found that injections of placental and 
ovanan lipoids as also of testiculai lipoids pioduccd a diminution of testes 
He concluded that the action w\as not specific since othci hpouh pioduccd it 
Frank (1929) while lcfcinng to the anti-masculine action of o\anan lionnone 
lemaiks that such appaicntly conclusive evidence must be accepted with 
caution and lescive In this connection he icfeis to the woik= of Hciedia 
and Kauders Heiedia found that male chickens fed with hull testes had 
testes smaller than the conti ols, Kaudcis fed testicle extracts m o\mlo=agc and 
obtained atiophy of the lat testes Finnic concludes that these results of 
Heredia and Kaudcis speak foi sensitiveness of the male gonad to mam 
influences lathei than to any specific conti a-scxual effect 


Injections with the mine fiom males have a slight stimulating effect on 
the genital tract of male unmatuie lats This stimulating effect with male 
urines w r as also obseived by Engle (1929c) 


Change m thymus —The thymus has been called the ‘ gland of infancy ' 
and it 1 egresses with onset of matunty pan passu with the giowth of the genital 
organs Any procedure stimulating the genital oigans would theicfoic be 
expected to cause a decrease m size of the thymus Woiking on this idea this 
gland was dissected in all the injected and control animals that weic *nciifieod 
It was found that both in males and females the thymus m the injected animals 
was always am. at (at least by one-thud and sometimes to a mo ,c mn ed 
extent) than in the controls Tins atiophy of the thymus mjcct ( ” ^ 
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■VMS more maiked m youngei than m oldei animals Golding and Ramnez 
(1928) woiking with ovarian hoimone found the thymus of the injected animals 
(both male and female) mvanably smaller than that of the conti ol Hen mg 
(1920) found that during pregnancy the thymus had undergone rapid involu- 
tion and was much diminished m size 

The modified test — The changes m the male genital tiact produced by 
injections with urine from piegnant women make the basis of the modifica- 
tion that is proposed m this paper in the Zondek-Aschheim test for pregnancy 

Technique 

1 A specimen of blood serum oi a morning specimen of urme is obtained 
If possible, it is bettei to get a catheter specimen and to keep the urine m an 
ice chest or cool room 

2 Young male rats of about equal size from 15 to 50 grammes in weight 
and with undeseended testicles are piocured from the maiket Three animals 
m each case will suffice 

3 One of the animals is kept as conti ol and the othei two are injected 

tin ice daily for tw r o days with seium or uime (0 4 c c of urme oi 0 2 c c of 

serum for each dose), i e , six injections m all 

4 The result is looked foi from the 4th day aftei beginning of the test 

(m one case I could note it on the 2nd day and m another on the third day), 

it is better marked on the 5th The animal is held on its back and the 
prominence (caused by descent of the testicles) and hypenemia of the scrotum 
noted A positive result m contrast with the conti ol is very marked, the 
descended testicles (which can be palpated by hand) and hypenemia of the 
scrotum contrasting with the baiely noticeable prominence m the region of 
the sciotum The penis is also developed to a greater extent m the positively 
reacting animal than m the control 

It will be observed that male lats weighing fiom 15-50 gs can be used 
for the test, this wude range of limits makes it possible for the test to be 
performed on young rats (all of them of about the same weight and size) 
bought fiom the market This does aw r ay with the necessity of breeding 
animals m the laboratory and makes the test available to those who have to 
perfoim it onfy now 7 and then The test is fuither simplified by the fact that 
it is not necessary to sacrifice and dissect the animals used, the prominent 
bulging caused by the descent of testicles and the hypenemia as compared with 
practical^ 7 no bulging m the control is sufficient evidence of the test being 
positive 

The number of cases examined is rather small, -only 50 tests have been 
performed In 21 cases female rats weie used, in 28 male rats and m 7 both 
male and female Of the 50 cases 39 were known to be pregnant, 3 females 
with mflammatoi 3 r gynaecological conditions, 4 men wuth skm diseases and 
4 healthy males Injections with serum from skm cases had no effect on the 
oiniies of the female rats Injections with urines from gynaecological cases 
had no effect on male rats, urines from healthy males had a stimulating effect 
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on the genital *y*tcm of male lats Of the 39 cn*c* of picgnamy positive 
lesults W’cie obtained in 3G ease* (amongst lhc*o wa* included a ca^c of 
ectopic pi egnancy) and 3 gave negative ic*ults Of the Unco ca*es giving 
negative results two wcie five month* piegnant and in the third only one 
period was missed In one of the ea*cs in the 5th month, the doctor, on 
inquny, lepoited that foetal heait rounds wcie not hemd, that the uterus was 
not mci easing and that the lad\ v as getting a led vaginal dischaigc, a few 
days nfteiwaids a dead foetus was dclivcied The othci ea*c in the 5th month 
nnscaiiied a few day* aftei in me wa* taken The lady wdio had missed one 
period only when blood w T a* taken mi**ed anothei penod but within a few 
dajs of missing this second penod, she lost *ome blood pet vnqmuvi and it 
was thought that *he had begun menstiuating and w r ns not a case of pregnane) 
at all But tin eo oi fom davs latei the placenta wa* deliyeicd *how r ing the 
case to be one of nboition 

The 28 eases tested with male iat* includes 21 known to be pregnant, 
4 healthy men and 3 women with inflammation* of the tube* Of the 21 
cases of pi egnancy two gave negative icsult*, one of thc*e aboited and the 
otliei miscamed a shoit time aftei the test w\as pci fanned (thc*e ca*c* ha\e 
been lefened to above) and 19 gave positnc lesults The nunc fioin the ca*o- 
of inflammation of the tubes gave negative icsult*, the mine* fiom men hail 
some stimulating effect on the genital tiact of the male immature rats but it 
w r as not so maiked as in case of pi egnancy 

Before finishing I wash to expiess in) gratitude to m) chief Lieut -Colonel 
H W Acton, cm, nis, Dnectoi, School of Tropical Medicine and IT\gienc, 
Calcutta, wdiose pupil I have the pnvilege and honour to be This work was 
commenced at lus suggestion and tlnoughout he has been a =ource of encom- 
agement and inspiration to me My thanks aie due to him foi allowing me 
to publish my findings 


Summary 


1 Due to eailiei maturity of rats m the tiopics it is suggested that 
female rats of lowei age (17-20 days) be used foi the Zondek-A*chheim 
reaction It is observed that the vagina is canalized and is not a solid cold 
of cells in animals at this age 

2 The test was earned out w r ith the seiuro of piegnant women wutli 
satisfactory results 


3 The effects of injections of mine fiom pregnant cases on the genital 
system of male rats are described It is shown that m immatme animals the 
testicles hypeitiopliy and descend into the sciotum and that the seminal 
vesicles, prostate, and Cowper’s glands and penis hypertiophy In oldei iits 
W1«, descended testicles the hypeitrophy of the testicles seminal vesicles 

ramble 8 ” 8 “ nd P ™ S IS mnlked Effcct s ™ adult rats me’ 
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4 Based on these findings a modification of the Zondek-Aschheim test 
using male lats is pioposed Descent of the testicles m injected animals is 
looked foi , this makes it unnecessary to sacrifice the animals The 
modification does away with the necessity of getting animals of definitely 
known age and hence the need of bieedmg animals m the laboratory * 
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Explanation or Platr XIII 


Fig 1 Female lat injected at age of 18 and nulop'ucd at 22 day 1 - Note 
the picscncc of the external vaginal opening (Natmal «i*c ) 

2 Littei sistei, lcccivcd no injection Note the absence of external 
vaginal opening (Natmal size ) 

„ 3 Vaginal smeai fiom the injected lat «hown in Fig 1 Note the non- 
nncleated epithelial scales and nucleated epithelial cell* (po c dne 
vaginal smeai) (Objcctnc l/6th in, ocuiai X 2) 

„ 4 Vaginal smeai fiom a rat of 26 dais, injected at the age of 22 and 
giving a negative leaction Note pic«cncc of mueou« pellet^ 
(Objective 1/3 m , ocuiai X 2 ) 

Figs 5 and 6 Thymuses, ovaries and tubulai genital tiact* of two rat« of 
25 days age fiom the same littei (Natmal «izc ) 

Fig 5 Injected with mine fiom a ca c e of picgnanc\ Note the 
comparative atiophy of the thy mu^ Hvpcitiopln of the orancs 
and blood points on then ■mi face 

Fig 6 Received no inicction« Note Inigc size of tin mus email ei?e 
of ovanes and absence of blood points on then em face Uterine 
hoi ns, uterus and vagina me developed to a somewhat gicnlci 
extent (the animal w r as m oestrus) This cleailj chows that central 
changes may commence as eaily as the 25th day after bulb 
Fig 7 Thymus, ovary and tubulai genital tiact of an indicated ml of 
22 days (Natural size ) Note the laige *i?c of the thymm and 
that the vagina is canalized 

„ 8 Vagina of treated rat (shown in Fig 1) Note hypeitiophy of the 
vagma, thickness of the mucous membianc and ficc denies in the 
lumen (Objective 1 m , ocuiai X 2 ) 

„ 9 Vagma of unseated littei sistei (Objectnc 1 m, ocular X 2) 

„ 10 A portion of (8) highly magnified to show' lnycis of polygonal cells 

topped by scaly layers and free scales in the lumen ' (Objective 
2/3 m , ocular X 4 ) 




11 


J) 


12 

13 


A portion of (9) highly magnified Note absence of polygonal cells 
and scales (Objective 2/3 in , ocuiai X 4 ) 

Uteius of tieated rat (Objective 1 in , ocular v 4 ) 

Uterus of untreated mt (Objective 1 in, ocular X 4) 



Explanation of Plate XIV 

Fig 1 Ovary of a ticated lat showing fully foimed coipus luteum 
(Positive leaction) (Objective 2/3 in, oculai X 2) 

Figs 2 and 3 Ovanes of tieated lats showing coipus luteum in foimation 
with lemains of the ha?monhage m the centic (Positive leaction ) 
(Objective 2/3 m , oculai X 2 ) 

Fig 4 Ovaij of a tieated lat showing lipe giaffian follicles (Negative 
leaction ) The case, mine fiom which gave this reaction, aboited 
shoitly afteiwaids (Objective 2/3 in, oculai X 2) 

„ 5 0\ an of an untieated immatuie lat of the same age showing unripe 

follicles (Objective 2/3 in , oculai X 2 ) 




Explanation of Plate XY 

Fig 1 Male rat injected with mine at age of 28 days Note the descent of 
the testicles and biggei size of penis (Natuial size) 

„ 2 Umnjected httei biothei (Natuial size ) 

„ 3 Se\ oigans and thymus of injected lat (shown in Fig 1) Note size 
and descended position of testicles Biggei size of jiems, Cowper’s 
and piostate glands and smallei size of thymus (Natuial size) 
„ 4 Sex oigans and thymus of unmjected lat (shown m Fig 2) Note 
the size and abdominal position of testicles The empty sciotal 
sac on one side of the penis (that on the other is not clearly 
seen) Smallei size of penis, Cowpei’s and prostate glands and 
biggei size of thymus (Natui al size ) 

„ 5 Tluee turned ovei to show maiked mciease in size of seminal vesicles 
„ 6 Fom turned OA r ei to show the smallei size of seminal vesicles 



Positive 









Explanation of Plate XVI 

Figs 1 and 2 Two sub-adult rats of about equal size and testicular growth 
Fig 1 Received injections of mine fiom a case of piegnancy Note 
the gi eater prominence of the testicles and the laiger size of 
penis (Natuial size) 

„ 2 Received no injections (Natural size ) 

Figs 3 to 6 Sex organs and thymus from above rats (Natural size ) 

Fig 3 Note larger size of testicles and penis Cowper’s and piostrate 
and seminal vesicles and smallei size of thymus 
„ 4 Note smallei size of testicles, penis, Cowper’s and prostate 
glands and seminal vesicles and larger size of thymus 
„ 5 Organs shown in 3 turned over to show marked increase in 
size of seminal vesicles 

„ 6 Oigans shown in 4 turned over to show size of seminal vesicles 
foi comparison 



Positive 







Explanation op Plate XVII 

Fig 1 Section of testes fiom a rat injected at age of 28 days Note the 
widei semmifeious tubules and active speimatogenous epithelium 
(Objective 1/6 in, oculai X 2) 

„ 2 Same fiom a littei brothei who leceived no injections (Objective 
1 /6 m , oculai X 2 ) 

„ 3 Section of piostate fiom a young injected rat (Objective 1/6 in , 
oculai X 2 ) 

„ 4 Same fiom anothei young lat of about equal size who received no 
injection (Objective 1/6 in, ocular X 2) 

„ 5 Section of Cowpei’s gland from an injected young lat (Objective 
1/3 m , oculai X 2 ) 

„ 6 Same fiom an unmjectecl one of about the same size (Objective 
1/3 m , oculai X 2 ) 

„ 7 Section of seminal vesicles from a lat injected at age of 49 days 
(Objective 1 m , ocular X 2 ) Note the general hypertiophy and 
hyperplasia of the lining epithelium 

„ 8 Same from a lat of about equal size vho leceived no injections 
(Objective 1 m , ocular X 2 ) 



PijATii XVII 1 

Normal 
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J D DUNDAS, mb, b s 

(Fiom the Physiology School, Grant Medical College, Bombay ) 

[Received fov publication, March 30, 1931 ] 

Various methods have been employed bom time to time foi the study of 
gastnc secietion m man and animals Eailici obscivcis weie met with the 
difficulty of obtaining a puie sample of gastnc juice Perforated metal oi 
wooden capsules, to winch stnngs v’cie attached, weie u«cd These weie filled 
with food, mtioduced into the stomach, and aftciwards withdiawn In c omc 
cases, the capsules w r ere made to be vomited out, oi passed pci rectum Sponges 
with strings attached weie also used foi this pm pose Although the method 
was crude, it gave useful information in the hands of Rcaumci and Spallanzani, 
who showed that the gastric juice is acid, that it pi events puli cf action, and 
that it digests food in vitro 

Latei observeis (Piout, Tiedemann and Gmelin) killed their animals, 
eithei after mtioducmg some indigestible matciial in the stomach (such as 
pebbles), oi m the couise of digestion of a meal By such a method they 
demonstrated the piesence of hydrochlonc acid m the gastnc juice, and showed 
that the aciditv was really due to this 

Then followed the classical obseivations of Beaumont, who collected the 
juice fiom a case of gastnc fistula These investigations weie made on 
Alexis St Mai tin m 1822 who, as the lesult of a gunshot wound, developed an 
opening between the stomach and the extend Beaumont’s leseaiches <mvc 
a great impetus to the study of the functions of the stomach m health *\nd 

( 259 ) 
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disease It was his woik also which led to the introduction of gastrotomy as 
a surgical pioceduie m expenmental physiology Heidenham separated a small 
pouch fiom the mam body of the stomach, and was the fiist to obtain puie 
gastnc juice m this way This procedure was modified and perfected by his 
pupil Pavlov, who obtained an isolated stomach pouch with its nervous con- 
nections intact Thus a sample of the secretion was obtained from this pouch 
which was comparable wuth the normal secietion m every way Pavlov 
analysed the juice and studied the influence of various dietetic, nervous, and 
othei factors on its secretion 

The method, howevei, which par excellence has proved most applicable 
to man is the one m which a tube is introduced into the stomach According 
to Gairison, the discovery and application of the stomach tube and stomach 
pump go back into antiquity In modem medicine it originally appeals to 
have been used foi artificial feeding and gastric lavage Leube and Kulz w r ere 
the fh«t to use the tube for obtaining a sample of gastnc juice for purposes of 
analysis Tliev employed the pnnciple of fi actional analysis, removing a small 
poition of the test meal at definite mteivals They were thus able to study 
the vanations m acidity and in the amount of pepsin at different stages of 
digestion 

The chief obstacle to the clinical application of this method on a wide 
scale was the chscomfoit caused by swallowing a tube which had a large 
cahbie, and was not flexible enough It could not be letamed easily m the 
stomach foi an\ length of time Soft flexible catheteis w r ere therefoie used 
fiom time to time for this purpose But the piactice lemamed m the back- 
giound till the modem method of fractional analysis w T as mtioduced by 
Ehimann, Ehiennch and Ettmgei m Geimany, and Rehfuss and others in 
Ameiica 


Modern methods of gastric an alt sis 

The moic important methods of analysis of gastric secietion m vogue at 
the pie=ent day aie — 

1 Ewald’s method 

2 Relifuss’s fi actional method 

1 Eivald’s method is as follows — 

After a night’s fast, the patient is given m the morning a test meal, which 
consists of a pint of tea and a small piece of toast (-^ oz ) One hour after the 
test meal, a stomach tube is mtioduced, and as much as possible of the stomach 
content" withdrawn wuth a syringe The fluid removed is submitted to both 
qualitative and quantitative examination 

(a) Qualitative analysis 

The volume, "mell, coloui and the presence of blood, bile and mucus are 
noted The fluid is filtered and the followong tests are pei formed — - 
(i) Test foi fiee hydrochloric acid by Gunzberg’s reagent 
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( n ) Test foi Ineuc and by Uffclmann’s icngcnt 

( nI ) Test foi blood Tins is earned out with (he picoipitntc An cthcnnl 
extinct of the solid sci apings fiom (lie filtci pnpci is piepmcd 
Pi oduction of blue coloui by (he addition of alcoholic gu.uncum 
solution and hydiogen pci oxide indicate 4 , the pic^cncc of blood 


(b) Quantitative analysis 

The following estimations me made — 

N/10 alkali (NaOII) with Tocpfci’s icngcnt u«* indicatoi 

(u) Estimation of total acidity by titiatmg the above ‘-till fuithei with 
N/10 alkali (NaOH) with the addition of phcnolphthalcin ns 
indicator 

(in) Estimation of total chlondc 4 - The neuti nlizcd juice of cxpci i- 
ment (n) above is evapointed to diync e s, and the icudue incine- 
rated The amount of total chlonne in it i« estimated b> Volhaid’ < - 
method 

(tv) Estimation of nnneial chlorides Without picviou* titiation, a 
measuied quantity of gastnc juice is ciapoiated to di\nc« The 
lesidue is mcmeiatcd In the nnxtuic of inoiganic «alts thus 
obtained, the chlonde« aic estimated by Yolhaid’s method 
In this way, all the hjdiochlonc acid is volatilized off, and the icsult 
lepiesents mineial chlondes 

(v) Estimation of active hydiochlone acid This is obtained bv subti act- 
ing nnneial chlondes fiom total chlondes 

(m) Estimation of piotem liydiochlonc acid This is obtained In sub- 
ti acting fiee liydiochlonc acid fiom actnc liydiochlonc acid 

2 The fractional method of Rehfuss is as follows — 

A light suppei , consisting of a glass of milk and a chm coal biscuit, is 
taken at night The gastric analysis is earned out the following monnng bcfoie 
taking any food or drink A stomach tube is swallowed, and the gastnc 
contents completely removed by means of a lecoid synngc This & is the 
specimen of the ? estmg gastric juice It is set aside foi examination 

While the tube is still letamed m the stomach, the patient is made to 
swallow the test meal, which consists of a tablespoonful of oatmeal boiled in 

a quart of water, until the quantity is i educed to one pint It is s tln med 
through a piece of muslin “ 


After swallowing a pmt of tins test meal, spcc.mens me w, Unhewn b, 
means of the record syringe afteiwaids at intervals of 15 minutes T 7 

two and a half hours afteiwaids o, until the stomach “ Z y H T t ° 
end of two and a half hours the stomach is not empty, all X coidenU mo 
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completely lcmovecl at that time The quantity lemoved at each 15 minutes 
mteival is 15 c c The examination is earned out as follows — 

(a) Examination of the resting juice — The volume, colour, and smell 
aie noted The piesence of chaicoal, blood and mucus, bile and 
lactic acid is looked foi The specimen is then filteied and the 
following estimations are eairied out — 

(z) Free hych ochlonc acid — This Is estimated by titiatmg the filti ate 
. with N/10 alkali (NaOH) with Toepfei’s leagent as mdicatoi 
(zz) Total acidity — Aftei the aboie titiation, phenolphthalem is added 
to the same fluid as an mdicatoi, and the titiation is continued 
with N/10 alkali (NaOH) till pink coloui is obtained 
The chlorides aie not estimated, as m Ewald’s method 
(5) Fi actional analysis — The samples of gastnc contents lemoved at 
intei vals of 15 minutes aie examined foi free liydiochloric acid and total 
acidity m the same way as described above At the same time, tests are 
earned out foi the piesence of staich by means of a dilute solution of iodine 
Appeal ance of blood bile and mucus is also noted Cuives aie cliaited out 
for the a ariation m the amount of free hydi ochlonc acid and total acidity 
during the penod of observation 

Heie again, the chlondes aie not estimated as in Ewald’s method 
Both the methods yield useful mfonnation The chief advantages of the 
fi actional method of Rehfuss aie — 

(1) The lestmg juice is examined, a knowledge of which by itself is of 

gieat physiological and pathological intei est 

(2) The fi actional analysis gives a valuable giaphic picture of the varia- 

tions m the fiee liydiochloric acid, and total acidity at different 
stages of digestion This is not available m the one houi method 
of Ewald 

In oui investigations we employed the fi actional method of Rehfuss 
thioughout 

It is of interest to considei bnefly the diffeient types of stomach tubes in 
vogue at the piesent day 


Stomach tubes 

Einhom’s duodenal tube — This is a long lubbei tube with a metal piece 
at one end The metal tip is made of haid steel, olive m shape, plated with 
silvei, weighing 48 giams, and having small lound peifoiations The lubbei 
tube has a diametei of the size of No 8 cathetei It is maiked with cneles at 
distances of seventeen inches, twenty-foui inches, and thirty and a half inches 
fiom the tip, indicating the distance from the teeth to the cardiac end, pylonc 
end and the duodenum respectively 

The perforations m the Emhom’s tube are veiy minute They leadily 
become occluded with mucus and alimentary debus, lesultmg in small foamy 
specimens insufficient for analytical pui poses 
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Paid sh’s modification — Palcfslu, iccognizmg the above difficulties in 
taking out the gastnc juice, modified the tip in the Emhoin’s tube, c o that 
instead of weighing 48 giams, it weighed 108 gunns It u as gold plated 1 ")- 
could be swallowed moic easily, and it passed moic icadily into the duodenum 

The disadvantage m both, liowevci, is that the metal tip may -cpai ate out 
fiom the nibbei tube, and this, if it happens m the stomach, is a vciy undeni- 
able thing 

Rehjuss’s tube —This is the same as the Einhoin’- tube with a -light 
modification m the metal tip It is made of haul steel oi manganc-c bionze, 
and is bulbous m shape, so as to lie easily swallowed It weigh- 90 to 120 
giams and is slotted instead of peifoialcd The -lot- aic -o cut, that then 
diametci is as laige as the calibic of the lubbci tubing, thu- a-«uiing a moic 
pei feet aspn ation of the matenal The weight i- al-o -uflicicnt to peumt lapul 
sw allowing Giavity assists its passage tlnough the duodenum A- it r.m lie 
left in the stomach without inconveniencing the patient, it i- vciy suitable foi 
the study of gastnc juice ovei a long peiiod 

The nibbei tube is mailccd at tluee place- with elide- at ch-tuwc- of 
18 inches, 25 inches and 32 inches fiom the tip, -how mg the distance- fiom 
the mouth to the eaidiac end, the fundus and the pylonc end of the stomach 
i espectively 

Heie again, the di-advantage is that the metal tip may -epainfe fiom the 

tube 

Ryle’s tube — This is a modification of the Kchfuss tube It con-i-t- of 
a small boie uibbei tube of the diametci of a cathetci No 8 =izc It ha- 
one blind end into which a small oval metal bulb (con-i-ting of lead) i- 
mseited The bulb is thu- completely co\eied bv nibbei It act- as the 
weight Just above it, theie aie tw f o fan ly laige pci foi ation- m the lubbci 
tube The tube is maiked with cucles at distance- of 16 inches, 22 5 inches 
28 inches and 32 inches, indicating the distance fiom the teeth to the eaidiac 
end, the fundus, the pylonc end, and the duodenum lc-pcctivcly The open 
end of the tube fits readily with the nozzle of a 20 c c lccoicl -ynngc b\ which 
the gastnc contents aie aspirated vciy easily 

The advantages claimed for the Ryle’s tube aie 

1 That it is more easily swallowed and withdiawn than a tube with a 
metal end 


2 

3 

4 


That, as the peifoiations aie m an clastic nibbei wall, blockade with 
the mucus plugs is gencially avoided, and, ,f ,t occult, ,t hin be 
easily lemovecl by a syringe full of ail 

That there is no possibility of the end becoming detached 

a meW bulb" “ aUma *° ““ ‘1™ «.th 


This^ririS’; ‘teller 01 ? r ne ° ™ 

piocess also softened the tube ' The tip was dipped .‘‘g.yL.me bt?’ 
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m the mouth This lubrication facilitated swallowing The patient was 
dnected to throw his head back, keep the lips shut, and breathe through the 
nose, while the tube was swallowed bit by bit Caie is taken that the saliva 
is not swallowed This should be spat out into a bealcei As a rule not much 
difficulty is experienced m swallowing the tube In the hospital class of 
patient, confidence can be gained by pel suasion, and by the physician himself 
swallowing the tube m the piesence of the patient 

Experimental 

The piesent investigation was undertaken with the object of — 

(a) Ascertaining the composition of noimal gastnc juice m Indians, 

( b ) Finding a suitable standard test meal for Indians foi purposes of 

gastric analysis, and 

(c) Studying the response of the stomach to the test meal 

From the literature available it appears that no attempt has so far been 
made to study eithei the composition of normal gastric juice of Indians, or 
their gastnc response to a standard test meal 

It is quite possible that these normal data for Indians are not quite the 
same as for Euiopeans and Amencans, from whom the existing data have 
been obtained, as there aie important diffeiences of climate, diet, etc The 
Indians, as a rule, live on a diet consisting laigely of vegetables, while the 
inhabitants of Europe and Amenca take meat habitually every day It is 
also a question, if climate has any influence ovei the character of the digestive 
juices, especially when one compares the tropical heat of India with the mild 
climate of the European countnes, wheie expenmental work of this kind has 
been largely done 

We performed oui expenments on normal subjects, who were all male 
adults varying m age between 18 and 43 years Some of them weie medical 
students, and some membeis of the staff of this laboiatoiy As the investiga- 
tions necessitated the intioduction of the stomach tube, the lesponse fiom the 
volunteers was not encoui aging Latei on, as their confidence was gamed, the 
pioceduie did not appeal so nksome, and moie of them came forwaid for the 
pm pose of gastric analysis 

The plan of the investigation was as follows — 

1 The subject, whose gastric juice w T as to be analysed, was asked to 

take no food at night, except a glass of milk, and two charcoal 
biscuits at about 9 pm The followung morning at about 8-30 or 
9 am before any food oi drink was taken, the tube (Ryle s) was 
introduced and the stomach contents completely aspirated by 
means of a 20 c c record synnge This specimen of renting juice 
was set aside foi analysis 

2 While the tube was still m the stomach the person was made to swallow 

the test meal 
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3 At mtcivals of 15 mmutcs nftci the test meal, a few v e of the gn^tru 
contents weie nspnated with the leeoid synngc and analysed 
Specimens wcie withdiawn up to about two and a half houis aftci 
the test meal, 01 cailici if (lie stomach became cmpt\ 

The age, sc\, aiW diet of each individual wcie lccoidcd l hey weie all 
loughh classified into ‘ vegetal lans ’ and ' non-\egctamn«* ’ This clarification 
ia not an easy mattei Ncailv all the individual*, vegetal ian« and non- 
Aegetanans, on whom these obsenation* wcie made, h\e on a diet composed 
clnefiA of vegetables Some take meat occasionally and even thn«c who 
piofess to take a mixed diet of meat and Acgctables, do not take meat as often 
as the Emopeans Thciefoic we consulei that a ligul classification of Indian** 
into ‘ vegetal lans ’ and ‘ non-vegetanans ’ is not feasible Foi proposes of 
compaiison w'c classified all those who novel touch meat as \cgetanans 
and the otheis who combine \egciables with meat occasionally 01 habitually 
as ‘ non- vegetal ians ’ 

The vegetal lan diet m -this pait of India consists of lice, wheat, dal, 
potatoes, peas, beans, aubeigmes, vauous giccn vegetables, sweets, milk, euid 
and othei nnlk piepaiations, bananas, oianges, mangoo-, and othei flints 
Vegetables aie cooked m giound-nut oil, 01 til-seed oil, but not as a lulc in 
ghee (clarified buttei) as is done m othei paits of India Rice is the staple 
aiticle of diet and not wheat The vanct\ of meat taken is fish, eggs, mutton 
and chicken 

The lesults of the investigations may be consideicd undei the following 
headings — 

1 The lestmg gastric luice 

2 The test meal 

3 The lesponse of gastnc secretion to the test meal 


I The lesting gastnc juice 

A couple of charcoal biscuits and a glass of milk having been taken the 
previous night, all the resting gastnc mice was withdiawn b> means of Ryle’s 
tube and a 20 c c recoid syringe the following morning Its quantity, coloui 
and smell weie noted, and the piesence of mucus, chaicoal pai tides, blood, 
bile, and lactic acid looked foi Then the mice was filteied Owing to the 
presence of mucus, filtration of the gastnc juice is always a slow piocess In 
some cases, we stiamed it through a piece of fine muslin, but the most satis- 
factory method m our experience is to centnfuge it A combination of centn- 
iugahzation with filiation was also practised On the whole we found that 
by centrifuging a clear enough specimen was obtained foi proposes of analysis 
The analysis was earned out according to the method of Rehfuss The 
amount of free hydrochloric acd was estimated by titiation W1 tl, N/10 NnOH 
using Toepfer s leagent as the indicator To this subsequent lv n hn l ui, 
was added and titration continued to ascertain the total acidity” Th ’ T 
point, in these titrations, ,s of course veiy sharp ty T °" d ' 
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In all, 30 normal individuals were examined Of these 13 weie classified 
as ‘ vegetanans ’ and 17 as ' non- vegetal lans ’ The results of analysis are 
given in Table I 

A consideration of the above table shows the following — 

It will be seen that m the table the first 17 observations are on individuals 
whose diet is mixed or non-vegetarian, while the remaining 13 (Nos 18-30) 
aie vegetanans 

1 Total quantity of testing juice 

( a ) This vanes fiom 2 7 cc to 110 0 cc, the aveiage quantity foi all 
the 30 individuals being 28 473 c c 

(5) Foi 17 non-vegetanans, the quantities aie — 

Minimum — 6 0 c c 
Maximum — 71 0 cc 
Aveiage — 26 85 c c 

(c) For 13 vegetanans, the quantities are — 

Minimum — 2 7 c c 
Maximum — 110 0 c c 
Aveiage— 30 5 c c 

Tlieie appeals to be a great deal of valuation in the amount of lestmg 
juice m diffeient individuals The vanations would appeal to be greatei 
amongst the vegetanans Although the aveiage quantity of lestmg juice for all 
the 30 individuals is 28 473 c c , 20 of them (2/3 of the total numbei ) had a 
figuie vaiymg between 11 cc and 40 ce , while 9 had a figuie between 31 cc 
and 40 c c The following table shows the total quantity figures distnbuted 
m decades cc’s — 

Table II 


Quantity 

m c c 

Non-vegetanans 

(17) 

Vegetanans (13) 

Total 

1 to 

10 

3 

3 

6 

11 to 

20 

5 

3 

8 

21 to 

30 

i 

2 

3 

31 to 

40 

6 

3 

9 

41 to 

50 

0 

0 

0 

51 to 

60 

1 

1 

2 

Cl to 

70 

J 

0 

0 

0 

71 to 

80 

1 

0 

1 

81 to 

90 

0 

0 

0 

90 to 

100 

0 

0 

0 

101 to 110 

0 

1 

1 
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It would appeal that the amount above 60 c c is i ai c 

2 Coloui and bile — The coloui m the majonty of cases (24) was mucoid, 
slightly whitish, clcai oi opalescent In si\ samples the coloui vaned from 
pale jellov to gieen Tins was due to the piescnce of bile The disti lbution 
of these 6 samples m the senes was as follows — 

Number of specimens 
containing bile 

Out of 17 non- vegetal lans 3 

Out of 13 vegetal ians 3 

It was obseived that the coloui of ‘ vegetal ians ’ specimen was compaia- 
tively palei and daikei Thus bile was piesent m 20 pci cent of all cases 

3 Smell — This was absent thioughout None of the specimens had any 
odoui of putiefaction 

4 Mucus — This was piesent m all the specimens The quantity varied 
consideiably One specimen contained a laige amount of mucus, so much 
so, that the juice was aspnated by the synnge with much difficulty 

5 Chaicoal yai tides — These weic absent in all the specimens in this 
senes, showing that the stomach had completely emptied itself overnight 

6 Staich, blood and lactic acid — These weie absent m all the specimens 

7 Fiee hydrochlonc acid — (a) Theie wcie 8 cn^es out of 30 m winch 
fiee hydiochlonc acid was completely absent, and one case m which it was 
present in tiaces only Thus in about 27 pei cent of this senes, theie was 
absence of free hydiochlonc acid The distribution of these nine cases was 
as follows — 

• 

Specimens without fiee 
hydiochlonc acid 

Out of 17 non- vegetarians 7 

Out of 13 vegetarians 2 

( b ) In the series of 30 individuals, thus, theie weie 21 containing free 

hydiochlonc acid The amount vaned consideiably, the disti lbution being as 
follows — 


Table III 


Observation series 

Minimum amount 

OF FREE HC1 

Maximum amount 

OF FREE HC1 

AVERAGl AMOUNT 

OF FREF HC1 

c c of N/10 
NaOH 

EC1 
pei cent 

e c of N/10 
NaOH 

HC1 
per cent 

e c of N/10 
NaOH 

HC1 
per cent 

Total cases (21) 

2*5 

0*0091 

58*0 

0*217 

20*23 

0*073S4 

Non-vegetarians (10) 

3 75 

0 0137 

48*5 

0*177 

20*55 

0 0750 

Vegetarians (11) 

25 

Or 0091 

58*0 

0*217 

19*94 

0*0728 


J, MR 
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(c) Taking all the cases, including those containing free hydrochloric acid 
and those without, the avetage amount o f free hydrochloric acid was as 
follows — 



cc of N/10 NaOH 

HC1 per cent 

Total cases (30) 

14-160 

00517 

Non-vegetarians (17) 

12 09 

0-044 

Vegetarians (13) 

16*87 

0'0616 


8 Total acidity — This also shows consideiable individual variations, as 
is apparent from the following table — 

Table IV 



Minimum total 
acidity 

Maximum total 

ACIDITY j 

Average total 
ACIDIT l 

Obseivntion series 

cc of N/10 
NaOH 

HC1 
per cent 

cc of N/10 
NaOH 

HC1 
per cent 

cc of N/10 
NaOH 

HC1 
per cent 

Total cases (30) 

50 

! 

0018 

90 0 

0-3285 

30 95 

0T113 

Non-vegetarians (17) 

50 

0-018 

90 0 

0-3285 

30V2 

0110 

Vegetarians (13) 

50 

0 018 j 

72*0 

0-2628 

32-16 

0-117 

i 


II Variations in the composition of the resting gastne juice in the same 

individual 

We made repeated observations on the same individual on different days 
to see the variations that occurred m the composition and character of the 
gastric juice The actual data obtained fiom 11 peisons are as follows 
1 B S K , age 21 Vegetarian 



First observation 

Second observation 

Quantity 

40-0 cc 

70 f 0 cc 

Colour 

Yellow 

Deep green 

Smell 

Nil 

Slightly sour 

Mucus 

Present 

Present 

Charcoal particles 

Nil 

Nil 

Starch 

Nil 

Nil 

Blood 

Nil ! 

Nil 

Bile 

Present 

Present 

Lactic acid 

Nil j 

Nil 

Tree HC1 

2-5 cc N/10 NaOH i 
or 0-009% HC1 

10 cc N/10 NaOH 
or 0-036% HCl 

Total acidity 

20 cc N/10 NaOH 
or 0-073% HC1 

30 cc N/10 NaOH 
or 0109% HCl 

- 
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2 K V M, age 24 Vegetal inn 



Firs! ob^ci valion 

.Second oilmen n 1 ion 

Quantify 

105 0 c c 

3CT0 cc 

Colour 

Mucoid 

Pale vellow 

Smell ! 

Nil 

Nil 

Mucus 

Present 

Present 

1 

Charcoal particles 

Nil 

Nil 

Starch 

Nil 

Nil 

Blood 

Nil 

Nil 

Bile 

Nil 

Pre c ent 

Lactic acid 

Nil 

Nil 

Free HC1 

5 cc N/10 NaOH 
or 0"01S25% HC1 

11 0 cc N/10 NaOII 
or 0-0501% HC1 

Total acidity 

58 cc N/10 NnOH 
or (7217% HC1 

1 

72-0 c c N/10 NaOH 
or 0-2028% HC1 


3 M G T, age 19 Vegetarian 



l 

First observation 

Second obsenntion 

Quantity 

35 0 c c 

07*0 cc 

Colour 

Mucoid 

Pale yellow 

Smell . . 

Nil 

Nil 

Mucus 

Present 

Present 

Charcoal particles 

Nil 

Nil 

Starch 

Nil 

Nil 

Blood 

Nil 

Nil 

Bile 

Absent 

Present 

Lactic acid 

Nil 

Nil 

Free HC1 

300 cc N/10 NaOH 
or 0*1095% HC1 

5(?2 cc N/10 NnOH 
or 0*205% HCJ 

Total acidity 

47 0 cc N/10 NaOH 
or 0171% HC1 

712 cc N/10 NaOH 
or 0-2599% HC1 
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4 S G T , age 23 Vegetarian 



First observation 

Second obsen ation 

Quantity 

14 0 c c 

55 0 c c 

Colour 

Mucoid 

Mucoid 

Smell 

Nil 

Nil 

Mucus 

Pi esent 

Present 

Charcoal particles 

Nil 

Nil 

Starch 

Nil 

Nil 

Blood 

Nil 

Nil 

Bile 

Nil 

Nil 

Lactic acid 

Nil 

Nil 

Fiee HC1 

19 5 c c N/10 NaOH 
or 0-07117% HC1 

43-2 c c N/10 NaOH 
oi 0-15766% HC1 

Total acidity 

31 6 c c N/10 NaOH 
or 0-1154% HC1 

564 cc N/10 NaOH 
or 0-2058% HC1 


5 J G P , age 19 Vegetarian 



First observation 

Second observation 

Quantity 

60"0 c c 

80*0 cc 

Colour 

Yellow 

Greenish 

Smell 

Nil 

Nil 

Mucus 

Present 

Present 

Charcoal particles 

| 

Nil 

1 

Nil 

Starch 

Nil 

Nil 

Blood 

Nil 

Nil 

Bile 

Present 

Present 

Lactic acid 

Nil 

Nil 

Free HC1 

114 cc N/10 NaOH 

244 cc N/10 NaOH 


or 0-04161% HC1 

or 0-0890% HC1 

Total acidity 

29"0 c c N/10 NaOH 

38" 0 cc N/10 NaOH 


or 0-1058% HC1 

or 0-14016% HC! 
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0 R D V , age 25 Vegetal inn 



Fii-d obvei vat ion 

Second observation 

Quantity 

110-0 cc 

47 0 c c 

Colour 

Mucoid 

Mucoid 

Smell 

Nil 

Nil 

Mucus 

Pi e^ent 

Pi event 

Chaicoal pai tides 

Nil 

Nil 

Starch 

Nil 

Nil 

Blood 

Nil 

Nil 

! 

Bile 

Nil 

Nil 

Lactic acid 

Nil 

Nil 

Free HC1 

1S*0 cc N/10 NaOTI 
or 00657% HC1 

10 cc N/10 NaOH 
oi trOMGTo HC1 

Total acidity 

29 0 cc N/10 NnOH 
or 0-106% HC1 

13 4 cc N/10 NnOH 
or (T049% HC1 


7 J B A, age 22 Vegetal lan 



First observation 

Second observation 

Thud observation 

Quantity 

9*2 cc 

25 0 c c 

10*5 cc 

Colour 

Mucoid 

Mucoid 

Dark green 

Smell 

Nil 

Nil 

Nil 

Mucus 

Present 

Picsent 

Present 

Charcoal par- 
ticles 

Nil 

Nil 

Present 

Starch 

Nil 

Nil 

Nil 

Blood 

Nil 

Nil 

Nil 

Bile 

Nil 

Nil 

Present 

Lactic acid 

Trace only 

Nil 

Present 

Free HC1 

Absent 

75 cc N/10 NaOH 
or 0’0274% HC1 

22*5 c c N/10 NaOH 
or 0"0S21% HC1 

Total acidity 

2-6 c c N/10 NaOH 
or 0-0095% HC1 

22-5 c c N/10 NaOH 
or 0 0821% HC1 

50*0 c c N/10 NaOH 
or 0-1825% HC1 

1 " 
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8 B P D , age 24 Non-vegetarian 



First obsei ration 

Second observation 

Quantity 

12 5 c c 

33-5 cc 

Colour 

Mucoid 

Mucoid 

Smell 

Nil 

Nil 

Mucus 

Present i 

Present 

Charcoal particles 

Nil 

i 

Nil 

Starch 

Nil 

Nil 

Blood 

Nil 

Nil 

Bile 

Nil 

Nil 

Lactic acid 

Nil 

Nil 

Free HC1 

Absent 

Absent 

Total acidity 

9-0 c c N/10 NaOH 

12*5 c c N/10 NaOH 

oi 003 285% HC1 

or 0*0456% HC1 


9 U K R, age 22 Non- vegetarian 



First observation 

Second observation 

, 

Quantity 

Colour 

Smell 

i 

Mucus 

Charcoal particles 

Starch 

Blood • ) 

Bile 

1 

Lactic acid j 

Free HC1 

: 400 cc 

Mucoid 

Nil 

Present 

Nil 

Nil 

Nil 

Nil 

Nil 

1 48*5 cc N/10 NaOH 
or 0*177% H Cl 

47*0 cc 

Yellowish 

Nil 

Present 

Nil 

Nil 

Nil 

Nil 

Nil 

70*0 c c N/10 NaOH 
or 0*255% HC1 

Total acidity 

i 

62 0 c c N/10 NaOH 
! or 0*2263% HC1 

85 0 c c N/10 NaOH 
or 0310% HC1 
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10 S L B, age 30 Non-vegetm inn 



First, obacnation 

Second observation 

Quantity 

53"0 c c 

48"0 c c 

Colour 

Mucoid 

Mucoid 

Smell 

Nil 

Nil 

Mucus 

Nil 

Nil 

Charcoal particles 

Nil 

Nil 

Starch 

Nil 

Nil 

Blood 

Nil 

Nil 

Bile 

Picscnl 

Nil 

Lactic acid 

Nil 

Nil 

Free HC1 

Tiaces only 

Absent 

Total acidity 

CO cc N/10 NaOH 

1.TG c c N/10 NaOH 

or 0 0219% HC1 

or 0-0496% nCl 


Bile was present m the last poition of the sample drawn with the syringe 
11 H S P, age 31 Non-vegetarian 



First observn- 

Second obscr\ n- 

Third obsorva- 

Fourth ob'en a- 


tion 

tion 

tion 

tion 

Quantity 

8*0 cc 

5 0 c c 

135 cc 

10*2 cc 

Colour 

Mucoid 

Mucoid 

Mucoid 

Mucoid 

Smell 

Nil 

Nil 

Nil 

Nil 

Mucus 

Present 

Present 

Present 

Present 

Charcoal par- 
ticles 

Nil 

Nil 

Nil 

Nil 

Starch 

Nil 

Nil 

Nil 

Nil 

Blood 

Nil 

Nil 

Nil 

Nil 

Bile 

Nil 

# Nil 

Nil 

Nil 

Lactic acid 

Nil 

Nil 

Nil 

Nil 

Free HC1 

27 5 c c N/10 
NaOH 

or 0-100% HC1 

5 0 cc N/10 
NaOH 

or 0-018% HC1 

3 25 c c N/10 
NaOH 

or 0-0118% HC1 

36 5 c c N/10 
NaOH 

or 01332% HCI 

Total acidity 

42-5 cc N/10 
NaOH 

or 0-155% HC1 

16 0 c c N/10 
NaOH 

or 0-058% HC1 

9T c c N/10 
NaOH 

or 00328% HC1 

48*0 cc N/10 
NaOH 

oi 0177% HCI 
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It will be seen that obseivations were repeated on 11 cases moie than 
once Of these two obseivations were made on 9, three on one, and four on 
one The first seven are vegetarians and the last fom non-vegetarians An 
examination of the above analysis shows that ceitam features of the normal 
gastnc juice remain remarkably constant Thus it is free from smell, charcoal 
particles, staich, blood, lactic acid Mucus seems to be a normal constituent 
of gastric juice Absence of charcoal particles indicates complete emptying 
overnight They were absent on all occasions except one, namely in case 
number 7 J B A , when the juice was dailc green in colour, had a sour smell 
and contained traces of lactic acid This was the only exception to the rule 
It indicates incomplete emptying of the stomach and excessive fermentation 
The chief vanations are m legal cl to quantity, piesence of bile, fiee HC1, 
and total acidity 

Quantity — This appears to vary to a ceitam extent m the same individual 
from day to day This is well brought about by the data given above The 
fluctuations seem to be greatei m the case of vegetal lans than non- vegetal lans 
Bile — The piesence of bile is a variable factoi 
(i) It was completely absent in foui cases, namely — 

Case number 4 S G T 
Case numbei 6 R D P 
Case number 8 B P D 
Case number 11 H S P 

Of these the first two were vegetarians and the last two non-vegetarians 
(u) In the following five cases it was present on one occasion and absent 
on another — 

Case numbei 2 K V M 
Case number 3 M G T 
Case number 7 J B A 
Case number 9 U K R 

Case numbei 10 S L B (Heie it was present m the last poition 
of the sample drawn with the syunge on the first occasion ) 

The fiist thiee weie vegetarians and the last two non- vegetal lans 
{in) In the following two cases it was piesent on all occasions — 

Case number 1 B S K 
Case number 5 J G P 
Both weie vegetarians 

Coloui — The colour vanes according to the piesence or absence of bile 
and also according to the amount of bile present 

The piesence of bile indicates legurgitation of duodenal contents into the 
stomach It may be a natural attempt to neutiahze the acid juice It is 
interesting to note that m case number 10 S L B , on one occasion, althoug i 
the first part of the juice diawn out was perfectly clear, and free fiom bile, 
the latter part contained bile and was pale gieemsh m colour 
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Fiee HCl and ioial acidity — This showed definite fluclmilions Thcic are 
cases amongst non-vegetarians nuinbci 8 B P D and nuinbci 10 S L 13 , 
when thcic was complete absence of fiec HCl on each occasion the failing 
gastric juice was analysed Amongst, the vegetal inns, the gastiic juice of case 
numbei 7 J B A showed no fiee acidity on one occasion on the othei tw'o 
occasions when the luicc w r as analysed, fiec IIC1 w r as jncscnl 

It was also noted that whencvei the bile was picsent in the fasting juice, 
the amount of fiec HCl and Total Acidity w'eic lnghei, and the quantity of 
juice also w r as, loughly speaking, gicatci Tin 1 ? is evident fiom the following 
table 


Table V 


Name 

Number of 
observa- 
tions 

Quantity of 
gisli ic juice 
in c c 

Fiec IlCi 
cc N/10 
NaOH 

1 ol ll 
nudity 
c c N/10 
NiOH 

Colour of 
gaMnc juice 
and presence 
of bile 

Diet 

J 

B 

A 

I 

92 

Absent 

i 

26 

Clear 

Vegetarian 



> 

II 

25 0 

7 5 

22-5 

i No bile 
Clear 

i No bile 





III 

16 5 

22-5 

50 0 

1 

Juice yellow 
Bile present 


K 

V 

M 

I 

105 0 

50 

110 

Clear 

No bile 

Vegetarian 




II 

3QT0 

58-0 

72-0 

Yellow 

Bile present 


M 

G 

T 

I 

35 0 

30 0 

47 0 

Clear 

No bile 

Vegetarian 




II 

67 0 

56 2 

7P2 

Yellow' 

Bile present 


B 

S 

K 

I • 

II 

40 0 

7C0 

25 

1(70 

20*0 

Yellow 

Bile present 

Vegetarian 




30 0 

Green 









Bile present 


J 

G 

P 

I 

60 0 

114 

29-0 

Yellow 

Vegetal un 




II 

8(70 

24 4 

38-0 

Bile picsent 
Gieen 








Bile present 


TJ 

K 

R 

I 

40 0 

48 5 

62-0 

Cleai 

Non- 




n 

47 0 

70 0 

85-0 

No bile 
Yellow 

vegetarian 

— 




' 


_ 

Bile picsent 



In the above table it will be seen that .i 

sastnc ju.ee .s yellow on one occas.on and gJmsh'nt !«” “ dlVldual thc 

acidity is h.ghsr .» the g.een sample, wlncf, ^ su mab h ° am ° Unt ° f 

amount of bile piesumably contains a gi eater 


It was also obseived, that m cases m wh.ch the f,„ no, 
o. completely absent, the ju.ee was as a rule clea. ° ,S ™ y '° ff 
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Discussion 

The glands in the mucous mcmbi aiic of the stomach, like any othei glands 
m the body, pioduce a continuous secietion But the amount, iate and com- 
position of the secietion vanes according to the mode of stimulation under 
various physiological and pathological conditions The composition of the 
secietion is also alteied by admixtuie with saliva and duodenal contents In 
the juice of the f fasting ’ stomach a ceitam amount of saliva is usually present, 
but the duodenal juices aie as a lule absent If the ‘fasting’ secietion is 
unusually rapid, it may have the same composition as that of the pure gastnc 
juice pioduced during the digestion of a meal 

The quantity of juice in the ‘ fasting ’ stomach varies consideiably m 
health The following obseivations may be quoted — 

1 Veihagen reports as high as 50 c c , with a jange of 10 to 25 c c 

2 Montz reports 24 to 64 cc 

3 Rehfuss, Bergheim and Hawk find 30 to 180 c c 

4 Fowlei and Zentmire found an average of 50 c c m 90 healthy women 

5 Carlson repoits that the average of several hundred observations on 
thiee gastric fistula cases (2 adult men and a girl of twelve, all having 
cicatncial stenosis of the pyloius) is 30 c c , with variations of 5 cc to 120 ce 

He has found noimal subjects with the stomach literally empty m the 
morning before bieakfast He has also noted that the contents of the stomach 
are gi eater m the morning before breakfast than at noon before lunch It was 
also greater m the summei months than m the winter months Such varia- 
tions, according to him, are piobably lelated to the gastnc tonus and mobility 
rather than to the rate of continuous secretion 

6 Ryle found that the quantity vaned fiom 10 to 150 cc, with an 
aveiage of 54 c c Bile was present in 40 pei cent of fasting specimens In 
his own gastric juice, the quantities varied from a few c c obtained with 
difficulty to 20 oi 30 c c obtained with ease 

The acidity also vanes consideiably from zeio to full acidity found at 
the height of gastric digestion 

(a) For his three gastric fistula cases, Cailson gives the following figures 


' 

Free acidity , per 

CENT 

Total acidity, per 

CENT 


Low 

High 

A\ erage 

Low 

| High 

I 

Average 

Mr V 

0*10 

; 

0*35 

0*18 

j 

015 


023 

: 

Mr E 

0 09 

0*36 

0 20 

0*20 


0*25 

Miss C 

cros 

040 

I 

0*13 

0*13 

CT45 i 

l 

1 

0*26 





270 


S.L Bhalia, II. S Paid and J. V Duiidat. 

(b) R\lc found the inngc of ficc acidity fiom 0 to GO pci cent !N/10 
NaOH m all lus eases, and fiom 0 to 22 m the eighty eaves piovidmg the figuies 
foi his standaid chait 

The fiee acidity m his own juice vaiied fiom 0 to 22 and the total aciditj 
fiom 4 to 38, with a diffeience between fiee and total acidity langing fiom 
10 to 15 Bile in Ins fasting juice was piesent oi absent with equal ficqucncy, 
and sometimes absent m the fust syi'ingeful and piesent m the second, suggest- 
ing that eithei aspn ation oi automatic lcfiux fiom the duodenum had otcuiied 
It may be noted that the same phenomenon was noted m the juice of one of 
us (S L B ) 

Fiom the obsei vations quoted above it would seem that oui own data fall 
well within the accepted noimal standauls Oui own findings may be sum- 
marized as follows — 


Summary 

1 The ‘iestmg’ gastric juice of 30 normal male adult Indians was 
examined Seventeen of the subjects w r eie classified as non-vegetarmns and 
13 as vegetarians 

2 The quantity of the juice varied fiom 27 cc to 110 cc, the aiciagc 
being 28 473 c c The average quantity was a little higliei m the case of vege- 
tarians than non-vegetanans 

3 Bile was piesent in 20 pei cent of all cases Mucus wms piesent m 
all Charcoal particles, staich, blood and lactic acid weie absent 

4 In 27 pei cent of the cases fiee HC1 was absent In those in whom 
it was present, it varied from 2 5 cc N/10 NaOH (0 0091 per cent I4C1) to 
58 cc N/10 NaOH (0 217 per cent HC1), the avciagc being 20 23 cc N/10 
NaOH (0 07384 pei cent HC1) Tlieie was no appieciable diffeience m the 
amount of free HC1 between the non- vegetal lans and vegetal lans 

5 Total acidity vaiied from 5 0 c c N/10 NaOH (0 018 pei cent HC1) 
to 90 0 c c N/10 NaOH (0 3285 per cent HC1), the aveiage being 30 95 cc 
N/10 NaOH (0 113 per cent HC1) Theie was no appieciable diffeience 
between the non-vegetarians and vegetarians m this regard 

6 In 11 cases, observations w r ere repeated more than once This showed 
that while the absence of smell, chaicoal particles, staich, blood and lactic acid 
was a constant feature (with one exception in legal d to the chaicoal pai tides 
and lactic acid), there was marked variation m legard to the quantity of the 
juice, the presence of bile, free HC1 and total acidity Actual data aie given 
indicating these variations 


7 It was observed m many cases, that when bile was piesent m the 
juice, the amount of free HC1 and total acidity were relatively lnghei, indicating 
that regurgitation of duodenal contents had taken place, presumably with the 
object of reducing the acidity of the gastric juice 

These investigations weie carried out with the heln nf i t 

Indian Reseaich Fund Association, to which we i „t best Cs 
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1 LACTO-CHLORAL ’ A NEW CLEANING AND MOUNTING 
MEDIUM FOR THE RAPID OBSERVATIONS OF THE 
MICROSCOPICAL STRUCTURES OF SMALL 

INSECTS 


BY 

S MUKERII, m&c, 

Entomologist, Kala-azm Inquvy ( Undo the Indian Rescaich Fund 

Association), 

School of Tropical Medicine and Hygiene, Calcutta 
[Reccned for publication, March 30, 1031 1 

Owing to the growing importance of internal stiuctuies as the bases of 
the latest modes of classification of insects, the value of a dealing agent that 
will act quickly by its lapid peimeation tlnough the exoskeleton of arthropods 
without any appreciable distortion of the lightly clntinized stiuctures and 
thereby aid m the quick examination of a senes of specimens within a leason- 
able period of time, cannot be gainsaid The usual caustic potash method 
of clearing the arthropod exoskeleton is a long and tedious one, and although the 
lengthy procedure can be appreciably shoitened by the passage of the object 
through a neutializmg agent, such as acetic acid, yet, owing to the passage of 
the object pnmanly for several houis through a strong alkali and secondanly 
tlnough aqueous medium oi an acid, a distoition and theieby a misrepresenta- 
tion of certain lightly chitmized stiuctures, which aie generally of considerable 
importance to the morphological systematists of the present day, is wellnigh 
inevitable Amann’s lacto-phenol is decidedly an impioved innovation m that 
its action is comparatively quicker, as no filtering is at all necessaiy, it can be 
prepared m any laboiatory and is a suitable leagent foi field oi outdooi 
work where the time factoi is of considerable importance The only defect 
of the medium is that it is slightly amber colouied and tins sometimes lendcis 
obseivations difficult during the process of clearing It therefore devolved on 
me to find out by trial a medium of uniform fluidity composed of peifectlv 

( 281 ) * 
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c Lacto-Cldoial,’ Cleat mg and Mounting Medium 

miscible liquids that would act more quickly than most of the known reagents 
and would at the same time be sufficiently transparent to make microscopical 
examination of the object possible even during the piocess of clearing Reagents 
in the following propoitions weie used foi clearing the buccal-armature of the 
flies of the mmutus group of the genus Pklebotomus 


Chloial liydiate 0 5 g 

Distilled water 1 c c 

Glycerine 1 cc 

Lactic acid (extra puie) 2 cc 

Glacial acetic acid 2~4 minims 

Foimol 0 5 cc 


The medium is easy to prepare and no filtering or heating is necessary 
since the fluids are peifectly miscible When pure ingredients are used the 
resultant fluid has the advantage over Iactophenol m that it is perfectly 
colourless and transparent The mgiedients should be mixed m the order 
given above and it is advisable to use fresh medium each time The following 
table will show the comparative time* taken foi complete penetration or 
clearing in 3 different clearing media — 



Caustic potash 

Lacto phenol 

Lacto chloral 

Average time taken to 
clear the head of a 
Phlehotomui) 

Overnight 

30 minutes or over (at 
room temperature) 

10 to 15 minutes (at 
room temperature) 

Penetration as detei 
mined by floating or 
sinking of a whole 
insect 

Floating even after 
overnight’s treat 
ment Capillary 
action on the 
haira of the body 

Only partially submerged 
after 20 minutes’ treat 
ment Less capillary 
action on the hairs of 
the body 

Completely submerged 
after 20 minutes’ 
treatment Very 

little capillary action 
on the hairs of the 
body 


M ethod of clearing — Some clearing medium is dropped with a pipette on 
the cell of an excavated slide and the entire object or its part as the ca°e may 
be to be cleared is carefully diopped into the medium and the cell covered with 
a cover glass Immediately the clearing of the parts begins to take place 
which should be watched thiough a binocular microscope The medium may 
conveniently be used as a permanent mountant with satisfactory results A 
Nematode and a sandfly larva mounted m this medium more than a month 
back although sufficiently cleared have kept their original colour 


* The time taken varies directly with the bulk of the object 
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ANTIMONY IN TIIE BODY ORGANS' 


BY 
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l 

L EVERARD NAPIER, mucs, hcp, 

Khla-asar Research Woikei , Calcutta School oj Tiopical Medicine and 
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AND 

A C ROY, m sc , 

Biochemical Reseaich WoiLei undei the Indian Reseaich Fund Association 
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In a lecent paper by two of the piesent wnteis dealing with the rate of 
excietion of antimony m the mine after admmistiation as a theiapeutic measuie 
m the treatment of kala-azar, we gave oui lesults with lefeience to two 
antimony prepaiatlons, a pentavalent compound, Bayei 693B, di-ethylamine 
para-ammo-phenyl stibiate, and a trivalent salt, sodium antimony taitiate, 
and we showed the great difference between the two piepaiations as legards 
then rate of excietion 


J, MR 
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The Distribution of Antimony m the Body Oigans 

In the investigations lepoited m this paper we have attempted to estimate 
the actual distribution of antimony m the vanous tissues and organs of the 
body aftei admimsti ation in sub-lethal doses The compound used was Barei 
693B, the experiments being earned out on monkeys The object of cauving 
out these experiments was to obtain some information as to whethei the 
antimony is deposited 01 held up m any of the vanous organs, m the hope 
that some light might be tin own on the veiy complex pioblem as to win 
antimony should act as a cuiative agent m lcala-azai 

It has been shown by one of the wnteis (L E N ) and by othei woikeis 
that the therapeutically active pentavalent compounds of antimony m concen- 
trations ten times gieatei than they could evei be piesent m the blood v lien 
given m therapeutic doses have no action whatsoevei on the cultuial foims of 
leishmama , it seems impossible theiefore to considei the action as a dnect one 
On the analogy of the aisemc compounds it has been assumed that mtei action 
between ceitam bodv cells and the antimony pioduces a highly toxic substance 
which is inimical to the leislnnania Foi this theoiv no suppoit has been gained 
fiom m vitro expei nnents and fuitheimoie it seems uni easonable to accept 
it v hen theie is an equalh good theoiv based on puiely biological giounds, 
le, the stimulation of the^ieticulo-endothehal system in such a wav that its 
units aie capable of destiovmg the paiasite It was, therefoie, of mteiest to 
see if v e should find laigei amounts of antimony in those oigans paiticularh 
licli m cells of the leticulo-endothehal type 


Method of an alt sis emploted 

This closely lesembles the method employed by us (Boyd and Roy, 1929) 
when dealing with mine The oigans aie weighed and cut into veiv fine piece®, 
then heated m a porcelain basm on a watei bath to get rid of moistuie and to 
facilitate fuithei bieakmg up which is done with a thick glass-iod The niasli 
is then caiefully tiansfened to a 500 cc Kjeldahl flask and the ba®m tieated 
with two successne washings of 5 c c of wai m concentiatecl lndiochlonc acid 
(Sp Gi 1,124 to 1,126) and seveial successive small amounts of waim watei, 
all of w'hich aie tiansfeiiecl to the Kjeldahl flask About 2 giammes of 
potassium chloiate aie then added and the flask is heated orer a small flame 
with frequent gentle agitations of the contents Potassium chloiate and hydio- 
chlonc acid m the piopoition of 1 giamrne to 4 c c of HC1 aie added at half- 
houily mteivals until the content of the flask is conveited into a pale jellow 
liquid with a layei of fattv mattei floating on the surface If at this stage 
the liquid daikens m colour on piolonged heating the process is incomplete 
and heating has to be continued with the addition of fuithei small amounts of 
potassium chloiate and lndiochlonc acid m the above-mentioned proportion 
until the liquid cea®es to daiken Tins piocedure removes the bulk of the 
oi game mattei The fuithei steps employed aie identical with tho®e de=cnbed 
m the abor e-mentioned papei on the estimation of antimony m the mine 
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The icsuUs of oui cxpenmcnts me shown m the following tables — 
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Table I 

Weight of monkc\ 2,500 giamme* Do^e of ‘ 093 ’ (41 ])ci rent antimony) 
0 295 gi nmmc = 120 95 mg of metallic antimony, oi 0 04835 mg pei giainme 
of tissue, given mti a\ enoli"lv , monkey killed 14 minutes latei 


Oi gaus 

Weight oi volume 
gi mimes oi c c 

Actual 8b content 
found m nnlli- 
gmns 

Lungs 

155 

30 

Hcait 

95 

t/S 

Biam 

35 0 ' 

1 nice 

Bone 

23 1 

0-1G 

Blood 

50 0 

5 0 

Intestinal tuict and contents 

210 0 

0-J8 


Tvble II 

Weight of monkey 2,570 gi amines Dose of 1 693 ’ 0 2 gi nmme = 82 mg 
of metallic antimony, oi 0 0319 mg pei giamme of tissue, given mtiavcnouslj , 
monkey killed 13 minutes latei 


Oigans 

Weight oi volume, 
giammes oi cc 

Actual Sb content 
found, in milli- 
giams 

Lungs 

121 

12 

Kidneys 

14 6 

13 

Liver 

85 0 

OD 

Spleen 

27 

0 04 

Heart 

1 

106 


0 56 

Brain 

62 



Nil 

Bone 

12 4 


o-os 

P mcreas 

43 



02 

Heart blood 

3(70 


26 

Blood 



25 0 

24 



288 The Distribution of Antimony m the Body Otgans 

Table III 

Weight of monkey 3,270 gi amines Dose of '693’ 0 282 g, amine* 
~ 115 6 mg of metallic antimony, oi 0 03535 mg pei giamme of tissue, gnen 
mtiavenously, monkey killed 20 minutes latei 


Otgans 

Weight oi volume, 
grammes or cc 

Actual Sb content 
found, m milli- 
grams 

Lungs 

210 

2*4 

Kidneys 

145 

75 

Liver 

73 0 

15 

Spleen 

50 

0*12 

Heart 

105 

04 


Table IV 


Weight of monkey 2,700 grammes Dose of ' 693 ' 0 18 gramme = 7 3 8 
mg of metallic antimony, oi 0 02733 mg pei gi amine of tissue, given mtia- 
venously, monkey lulled 20 minutes latei 


Otgans 

_ 1 

IV eight oi \ olume, 
grammes or c c 

Actual Sb content 
found, in milli- 
ginms 

Liver 


72*5 

1 0 

Spleen 


5*0 

(T06 


Table V 

Weight of monkey 2,600 giammes A total dosage of 1 0 giamme of 
'693’ was given m 0 1 doses on alternate days ovei a penod of 3 weeks = 
410 mg of metallic antimony, oi 0 1577 mg per giamme of tissue, monkcv 
killed 48 horns aftei last injection 


Oigans 

Weight or % olume, 
grammes oi c c 

Actual Sb content 
found, in milli- 
grams 

I 

Lungs ■ 

19-5 

Nil 

Kidneys 

19-5 

2-0 

Ln er 

81 0 

65 

Spleen 

55 

0-04 

Heart 

16 0 

Nil 

Blood 

50*0 

Nil 
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Table VI 

Weight of monkc\ 3,700 gt amines Borage of ( 693 ’ given In miiavcnous 
i onto M clav , 0 1 g , 4th day, 0 2 g , 6tli day, 0 2 g , 8th day, 0 2 g , 1 0th day, 
0 2 g’, 12th day, 02 g, 14th da\, 0 2 g , 17th day, 0 2 g , 19th day, 0 2 g , 
killed 4S houib aftci the la*t injection Total do«agc of 1 7 gi amines m 19 
d _ 6 q 7 mg 0 f metallic antimony, oi 0 1884 pci gi amine of ti^uc 


Oigms 

Weight oi i olmno 
gnmnies oi c c 

AdiuiISI) tonlenl 
found, in imlli- 
gl uiw 

Spleen 

.*1 1 

0 OS mg 

Kiclner s 

1S2 

2 5 

Hcait 

15 S 

0*01 

Ln ei 

111 5 

S 5 

Lungs 

34 0 

0 16 

Muscle 

17 8 

Nil 

Btam 

G2 0 

Nil 

Long bones 

206 

Nil 

Hair 

11 5 

012 

Blood 

50 0 

Nil 


Taking the individual e\pei imeiital animal* it i* difficult to evaluate the 
actual amount of antimony pei oigan so that it can be \i*ualucd and to a 
ceitam extent compaied as a check against cxpci nncntal enois To obtain 
this the lesults of the estimations aie best legioupcd, oigan by oigan, so a* to 
show the antimony content pei giamme of oigan actually found on analysis, 
and compare this against what would be expected piovidcd thcic had been 
even distribution of the diug throughout the body The lesults legiouped m 
this manner aie shown m Tables VII and VIII 


In oi dei to obtain an idea of the lelative chstubution of antimony 
throughout the body we have compaied the amount found m the vanous tissues 
organs and fluids with the amount which each would contain had the antimonj 
injected been distributed evenly thioughout the body, this we have expressed 
as milligrams pei giamme of tissue and have lefeired to it as the * noimal 
quota’ It is unnecessary to point out that calculations based puiely on a 
uniform distnbution late must be misleading Where animal organs aie con 
cemed physical factors, such as the rate of the flow of blood thiomrh the 
various organs, must be taken into consideration 6 
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Table VII. 


Antimony content of or gam or short tissue after single dose 


Tissue or 
organ 

Senal 

numbei of 
monkey 

Time 
between 
injection 
and death 

Minutes 

Antimony con- 
tent pei giamme 
of tissue 

Milhgiams 

i 

Expected 
antimony 
content pie- 
surning uni- 
foim dis- 

tnbution of 
Sb tin ougli- 
ou t all tis- 
sues of bodv, 
le, ‘noimai 
quota ’ 

Whether 
antimony 
content 
gieatei oi 
less than 
‘ normal 
quota ’ 

Pi opoition 
of antmiom 
content 
to 1 normal 
quota ’ 

Lung 

I 

15 

0190 

0 050 

+ 

3- S/1 


11 

13 

1 

0 091 

0 031 

+ 

2 9/1 


1 

HI 

20 

0114 

0-035 

+ 

3 2/1 

Heaifc 

I 

15 

0084 

0 050 

+ 

17/1 


II 

13 

0053 

0T31 

+ 

17/1 


III 

20 

0*038 | 

0 035 

+ 

11/1 

Kidney 

II 

13 

0 090 

0 031 

+ 

2*9/1 


III 

20 

0 510 

0 035 

+ + 

143/1 

Blood 

I 

1 

15 

0110 

0 050 , 

+ 

2 2/1 


II 

13 

0 086 

0 031 

+ 

2 8/1 

Bum 

I 

15 

Tiace only (in 

0 050 






35 giammes) 





II 

13 

None detected 

0-031 






(in 6*2 







grammes) 




Bone 

I 

15 

0 0068 

0 0500 

— 

1/7 4 


II 

13 

0 0060 

0*0310 

— 

1/5 2 

Ln er 

II 

13 

0 010 

0*031 

— 

1/31 


III 

20 

0 020 

0 035 

— 

1/17 


IV 

20 

0 013 

0 027 

— 

1/21 

Spleen 

II 

13 

0 015 

0 031 

— 

1/21 


III 

20 

0 024 

0 035 

— 

1/14 


IV 

20 


0 027 

— 

1/2 25 

Intes 1 1 n a 1 

I 

15 


0 0500 

— 

1/22 7 

tract and 







contents 







Pancreas 

II 

13 

0046 

0 031 

-1- 

1/5 1 
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Table VIII 

Anlmwnv content of 0190ns 48 how 6 a! lee last dose of coune 0/ w, edicts 


— — "" ” Antimony content jno 

sumniK o\m dMriuii- 

n S 01 ml mnnbei of Anlnnonv content pci gnnmic , ill orpin'-, if 

Oipm or hC i n oXj of tifc-no, m tmlhgoum i„„i been no 

tlSbUC “ exaction 


Lungs 


Heuit 


No ti ac (m 19 gi unmes) 
0 0017 

No liace (in 10 gi liiimo) 
0 0025 


Ivulncj 


Spleen 


Muscle 


O’ 0072 
0023 

No ti ice (m 17 S gin mines) 
No tiace (m 02 gi amnios) 
No ti ice (in 20“ 0 giammcb) 


Blood 


No tiace (in 50 cc) 
No trace (m 50 c c ) 


In the animals killed shoitly aftei a single inicction (Table VII) the 
amount of antimony found in the blood is — -taking the mean of the tno lead- 
ings— about 0 1 milligi am pei giamme of blood Calculating that the blood 
is 1/1 5th of the body weight this means that only about onc-si\th of the 
antimony ongmally injected into it is still m the blood, the other 5/Gths 
having been removed Howevei, the blood still contains about 2 5 times the 
normal quota 


The largest relative amount of antimony is to be found m the kidnej s if 
we take the mean of the two readings Theie is, m the case of the kidnejs, 
considerable discrepancy between the two estimations It is the onl\ instance 
m this enquiry in which theie is any maiked disci epancy between tvo estima- 


tions It is possible that theie has been an enor in technique, but at the same 
time theie may be anothei explanation Antimony is veiy lapidly exacted 
through this oigan, aftei 20 minutes the tubules and even the pchis of the 
kidney may have contained a considerable amount of antimonj and as unfoi 
tunately no special precautions weie taken to wash out the kidney pelvis this 
amount may or may not have escaped when the kidney was renun cd The 
estimation in the case of No 3 monkey’s kidney nas moie than 14 time* the 
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noimai quota, wheieas that of No 2 was only about 3 times In the latter 
case the interval was only 13 minutes, if theie is a delay in the commencement 
of excretion the diffeience in the intei val between the time of injection and 
the death of the animal m the two cases might also to some extent account 
foi the discrepancy m the lesults 

The amount found in the lungs is also lelatively high Theie is ven little 
disci epancy amongst the thiee estimations, they vaiy between tluee and four 
times the nonnal quota The piesence of this lelatively laige amount of anti- 
mony m the lungs is quite easy to undei stand, as the whole of the antimom 
solution m a comparatively high state of concentiation passes tlnough the 
lung capillaues and a laige amount of antimony is piobably taken up dining 
the fiist passage of the antimony solution tlnough tlie^e oigans befoie it is 
distributed ovei the much wider aiea of the systemic cn eolation 

The amount m the heait is again a little above the noimai quota, this can 
also be explained on the giounds of the veiy efficient blood supply to this 
Oxgan The figuie foi the pancieas is slightty above the noimai quota, but the 
estimation was only done m one case 

All the estimations — three in each case — foi the hvei and spleen approxi- 
mate to one anothei veiv closely and aie on the avei age about half that of 
the normal quota Both these aie highly xasculai oigans, it is theiefoie quite 
obvious that a veij- small quantity is taken up by the cells m the oigans them- 
selves, as a good cieal of the antimony found can be accounted foi by its 
piesence m the blood winch the oigans must contain 

The long bones also contained a lelatively small quantity — about one- 
sixth the noimai quota — wheieas the biam and intestinal tiact contain only 
a ti ace The i dative] v small amount pie^ent in the intestinal tiact can to a 
ceitain extent be accounted foi by the fact that the contents and the intestinal 
tiact weie weighed togethei but, even alloying foi the fact that the intestinal 
contents piobably contained no antimony at all, the figme foi the tiact itself 
must be exceedingly low, piobably less than one-tenth the noimai quota 

These figuies do not suggest that any paiticulai oigan oi system of cells 
in the body has any immediate affinity foi the antimony Theie would appeal 
to be no indication that the reticulo-endothehal cells possess any such affimtv,* 
as m both the spleen and livei, two oigans rich m leticulo-endothehal cells, 
theie is a compaiatively small amount of antimony piesent 


* Recently, Brahmachau, Sen and Banenee (1930) claim to hare shown that when a 
leishmania-mfected mouse is given an injection of finely divided antimony the Jattei is taken 
up by the leishmania-mfected cells in the spleen This is almost certainly true Kala-izar 
is essentially a disease of the leticulo-endothehal system and it is, tlierefoie, in thew cells 
in the spleen, as well as in othei parts of the body, that the parasites will be found If a 
suspension of finely dnided pai tides, whether they be of metallic antimonj 01 of Indian ink, 
aie injected into the blood stieam in suitable doses the particles will be taken up bj t e 
leticulo-endothehal cells of the spleen whether these be leishmania-mfected or not The ate 
of the antimonv noted by these workers appears to be dependent rather on its phjssca 
condition than on its chemical composition 
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Foity-cighi houis aftci the last administration of a coui«c of antimony 
injections, the distubution m the li^ues show* a veiy diffcienl pictmc Bv 
tins time a veiv huge peicentagc of the antimony miectcd has been exeieled 
It is not possible to *ay exactly what piopoition ha« been excietcd, but fiom 
the fact that none could be detected in the blood, the muscles 01 the bones and 
that the In ei and kidneys ueie the onlv oigans to contain am appi enable 
quantity, it =ecms quite ecitam that the lcmaining aiitnnonv must amount to 
less than 10 pci cent of the ongmal amount injected, that when lefeiemc 
is made to the 1 noimal quota ’ which is based on the total amount of antnnom 
injected it mu=t be lemembeicd that tln^ should be divided b\ at least 10 to 
get an idea of the l dative quantilx of antimony pic«cnt in each oigan, wcie 
theic even distubution thioughout all oigans and tissues of the antnnom still 
lemammg m the body 7 

No antnnom could be detected m 50 c e of the blood in citliei inslame 
The amount m the lungs was m one case not detectable and in the otluu little 
moie than a tiace Viheieas in the estimation shoith aftoi the injection it 
w r as 3 to 4 times the noimal quota, it is now onl\ about a foiticth of tins In 
the heait al«o only a tiace is now found Pi opoi tionatch the laigc=( amount 
is still found in the kidncx®, tins is to be expected as the kidne\« aic the mam 
channel foi elimination fioin the body, as the wnteis haxc shown (Boyd and 
Roy, 1929) Although the late at which cxcietion occms falls lapidh, tiaces 
can still be found even as late as the 20th day 

The amount of antimony in the lnei is the point of gicatest mtei est, lioic 
tlieie is relatively an enoimous inciease "Wheieas in otlici oigans and tissues 
tlieie is a rery maiked deeicase in the antimony pei gi amnio of tissue, tlieie 
is in the case of the livei — taking the mean of the leadings — a fn e-fold 
increase This is a definite indication that tlieie is stoiagc of the antnnom 
m the lner The antimony is not taken up immediately by the cells of tins 
organ but is distnbuted widely m the body, and latei earned into the blood- 
stieam to the livei Though tins stoiage may occui m the Kupffei’s cells tlieie 
is not a loading of the cells of the geneial leticulo-endothehal system as little 

more than a tiace is to be found m the lung and only small quantities in the 
spleen 

It is interesting to note that an appieciable stam w'as observed on the 
paper when the ban was tested, this is possibly anothei channel by which 
antimony is eliminated fiom the body 


Conclusions 

Fiom obseivations made by injecting a pentavalent compound of antimony 
di-ethylamme para-ammo-phenyl stibiate, a compound which lias a maiked 
theiapeutic action m kala-azai, into monkeys, it does not appear that any 
particular oigan oi system has any maiked affinity for the antimonv T1 
immediate d.eti.butm., of anfmony W „„.d appear Jbe 
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physical factois As we have shown elsewheie, the mam channel of elimina- 
tion of the antimony compound is thiough the lodnejs Foity-eight hours 
aftei the last dose of a couise of injections the bulk of the lemammg antimony 
is found m the livei wheie it is possibly stoied pnoi to being excieted, but 
there does not appeal to be any gencial loading of the fixed 1 eticulo-endothelial 
cells of the ( body with antimony 

These cxpemnents do not lend any suppoit to the theoiy that antimonj 
acts by stimulating the function of the i eticulo-endothelial cells jet they in 
no nay dispiove this theoiy, as the reception of a stimulus need not necessauh 
be accompanied by stoiage of the stimulating substance, m fact it is mom 
likely that the giving of the stimulus would lesnlt m a tin owing off of the 
stimulant, on the otliei hand they lend definite suppoit to our contention that 
the action of antimony is an mdnect one 
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The Kaoi apukkui tieatmcnt ccntic is situated m a Milage m Bengal 
about file miles fiom Calcutta Although tin* tillage i^ neai Calcutta the 
conditions aie not m any tia'i similai to those of the «ubuibs of the cit\ oi of 
the laige industiial aicas m its neighboui hood The conditions aie, in fact, 
typically ruial The village itself i« situated at the end of a cait load, about 
two miles fiom the main load, but most of the villages in the sunejed aiea aie 
only approachable by footpath’ and dui mg the monsoon months when the nee 
fields aie flooded some of them can only be leached by the aid of a boat A 
canal (Lhal) luns thiough the aiea, this constitutes the main channel foi the 
transportation of nee from the sunounding villages to Calcutta oi to the ncc 
nulls which aie situated between this aiea and Calcutta itself In Ivaoia- 


pukkui itself theie is a Chustian mission, undei the London Missionan 
Society This society has a boys’ school and a gills’ school, the foimci is 


managed by a European gentleman and his wife and the lattei bj two Euiopcan 
ladies It wa« the piesence of this mission that detei mined om selection of 
this aiea for investigation as the missionaiies ha\e the confidence of the 
villagers oi all communities m the distinct Then sponsorship of om undei- 
taking undoubtedly tided us ovei a penod of pie, u dice, the unaided an mount- 
mg of which would have senously mterfeied with om woik duims the fi„t 
jcai Fmtheimoie, the mission placed a loom at our disposal and supplied 

( 295 ) 
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us with a considerable amount of peisonal assistance, without the lattci it 
would have been impossible foi the one doctoi to cany on the woik on the 
scale necessaiy 

'Ihe gieat majonty of the villagers aie cultivatois and woik in the 
neighboiuing lice fields, a veiy few aie employed outside, mostly as mechanics 
by the Calcutta Tramway Company They aie Hindu**, Mohammedans and 
Chnstians, the last-named of at least tlnee denominations 

Duung the yeais pievious to the establishment of this ticatment ccntie 
a considerable amount of public attention had been dnected towaids kala-azai 
and numeious voluntanly-suppoited tieatment centies weie spiingmg up all 
o-\ ei Bengal, paiticulaily m the vicinity of Calcutta It was lepoited to us 
fiom patients m oui out-patient depaitment that not only weie theie a con- 
siderable nuinbei of cases m this aiea, but that the patients weie unable to 
obtain tieatment locally This was an additional deteimming factoi 
m oui choice of site foi oui im cstigation as it would have been unsatis- 
lactoiy had any extensive tieatment of the inhabitants been pieviously undei- 
taken, in the cncumstances we wei e pi actically woikmg on virgin soil We 
visited the aiea and with the aid of the nnssionai y -ln-chai ge mapped out a 
ceitam aiea We then let it be known that we would tieat all patients 
suffering fioin kala-azai wdio lived within this aiea but that peisons coming 
fioin outside this aiea would not be treated In actual practice w T e usually 
gave a 'placebo ’ nnxtuie to any of the lattei class that attended, but we told 
them quite definitely that they must not come again Naturally enough 
instances Occuned in which peisons living outside the aiea obtained tieatment 
by the simple piocess of peiveitmg the tiuth, but it was a mattei m wdncli we 
usually had the suppoit of the inhabitants of the suiveyed aiea who piefeiicd 
not to haie then ‘pitch queeiecl ’ by outsideis At fiist it was necessaiy to 
tieat all the patients (lesidents nothin the aiea) that attended, but latei only 
those suffenng fiom eithei feaei 01 enlaigecl spleen weie treated In any case all 
patients wdio weie obviously suffenng fiom diseases othei than kala-azai 01 
malana weie advised, but told not to come aghm 

Methods of diagnosis 

The methods of diagnosis we adopted w r eie those which w r e have always 
employed m oui out-patient depaitment at the Calcutta School of Tiopical 
Medicine and Di C R Das Gupta wdio has been m eliaige of this tieatment 
centie almost thioughout the wdiole penod had had a considerable pielimmaiy 
training m these methods undei the wuitei The methods aie roughly these 
All cases showing a definitely positne aldehyde leaction weie diagnosed kala- 
azai and tieatment wms commenced immediately [Expenence lias shown that 
m Bengal, at least 98 pei cent of these me kala-azai (Napiei, 1922 and 1923) ] 
The patients suffenng fiom considerable splenic enlaigement with a histoiy 
of a long illness and usually with marked anmmia, but who had a negatne or 
doubtlul aldehyde test Jesuit, weie diagnosed as ‘splenomegaly, not kala-azai 
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and weic advised to go elsewheic foi ticatmcnt All patient^ ‘.bowing 
negative 01 doubtful nlddndc test ie«ult<=, who had fcvci (without obvious 
cause, such a- pneumonia) and flight 01 no splenic cnlaigement, wcie looked 
upon as potential k ila-azai 01 nialaiia oases, a blood film was taken, and the\ 
neie put on a quinine mixtuic and kepi undei oWenation, a mli patients 
usually attended icgukuh and little difficult! me evpeiicnced in coming to a 
diagnosis within a week 01 so, but m a few instances it was thought adusible 
to do a spleen punctilio in oidei to "aie tune 'We nevei had am opposition 
to this operation, noi did we find that its pci foi malice deti acted in am wa\ 
fiom the populant\ of the tieatmcnt centic In this war we can confidenth 
claim that a negligible numbei of fake diagnoses weic made and that, although 
m a numbei of instances tlieic was a dclav, piacticalh no kala-azai patient 
who once piesented himself escaped diagnosis eicntualh Duung the second 
and thud icais of this 1 m estigation house to house \ Nk wcie made and onh 
a ven small numbei of pieuoush undiagnosed cases weic bi ought to light 

The tieatmcnt centie was opened in \pnl 1925 A qualified suneioi, 
who foimcd pait of the staff of the mqmn dining 1927-28 marie a detailed 
map of the aica, maiking m each house oi hut and giving it a numbei \( the 
same time lie made a list of the icsidents, noting details 0 f then ldigion, total 
numbei oi peisons, then age and *ex, and the numbei of cases of kala-azai 
foi each sepaiate household In the tables shown below all the figuies (except 
those lefemng to kala-azai cases) show' the state of a flails existent at the 
end of the veai 1927, no collection foi subsequent deaths and bnths has been 
made, but during the succeeding penod the composition of the population has 
only undei gone the noimal change Bi means of this detailed census we wcie 
able to check the statements of the patients legal ding then place of lesidence 
In a few instances it w r as found that the mfoimation given had been imoiiect, 
m these cases, if the patient could not be tiaccd to some otliei l evidence within 
the suiveyed area, his case card was excluded fiom the analysis Fi 0 m the 
end ot 1927 a copy of the detailed census w'as kept m the dispensan so that 
the patients’ statements could be checked and then actual lesulencc noted 
immediately We found that, although on the wdiole the mfoniialion about 
patients \ as satisfactoiy, m a few' villages m the noithein pait of the men 
w'hich w'eie much neaiei the load and less isolated than the icst of the Milages 
in the aiea, cases w'eie difficult to tiace, that mfoimation icgai ding the numbei 
of residents, etc , was difficult to obtain and that all the kala-azai patients 
were not coming to us for treatment, we, theiefoie, decided to exclude these 
our villages from om analysis Unfortunately most of the Mohammedans 
the a,ea lived m thiee of these village., then evasion dot, acted fiom the value 
o the mqmiy but m the mteiests of accmacv we felt it was essential that thev 
should be excluded The population of these foul villages totalled 1 lot i 
up to the end of 1927 16 cases were tiaced to them 6 ‘ 

In the gills’ school tefeued to above theie were about 40 boa.de.s and 
m the boss school about 36 Most of these child, en went to then homes „ 
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elsewhere during the holidays so that it was not possible to say wlieie the\ 
became infected Furthermoie, the population of these schools was not a 
constant one, each yeai pupils left and otheis ai rived We, theiefore, decided 
to exclude the pupils and teacheis of these two schools fiom our analysis 
Actually only 3 guls and no bovs became infected duiing the penod 

All the pei sons included m the analysis were peimanent residents of the 
surveyed aiea, and, with the exceptions noted above, all the resident 5 - in the 
aiea vveie included m the analysis 

The physiographv of the survei ed area 

The nea (after exclusion of the four villages) is about 7 square miles, 
3^ miles long and 2 bioad It includes 25 villages A village consists of a 
numbei of huts grouped closely togethei on ground a foot or so higbei than 
the sunounding rice fields The huts aie usually sui rounded bv thick vegeta- 
tion, including a numbei of palms and other tall tiees, which piovide suitable 
shade The intei venmg aiea consists of open lice fields v Inch aie flooded oi 
paitly flooded foi about nine months in the veai, that is fiom June to March 
In some instances the lice fields entirely cut off a village fiom the adjacent 
ones, the only approach during part of the year being by boat along a nanov 
nullah In others theie is a narrow footpath which is dry all the year round, 
unless there aie exceptionally heavy floods 

The area is about 20 feet abo\e sea-level The soil is alluual The 
subsoil-watei level is very high thioughout the year The noimal annual rainfall 
is 62 inches The noimal mean of dailv mean temperatures thioughout the yeai 
is 78°F , of the coldest months (Decembei and Januaiy) 65°F , and of the 
hottest (Mavl 86°F The noimal annual mean of daily means of humidity 
is 77 pei cent Theie is a y , eiv' low diuinal lange of tempeiatuie foi most 
of the veai, and during the foui months fiom July to October the diurnal lange 
of the wet bulb is less than 3 degrees 

The population 

The population was 5,143 at the end of 1927 and has not undeigone any 
abnoimal change since The inhabitants are all Bengalis, they are Hindus, 
3,18b, Mohammedans, 323, and Christians, 1,634 They live in 25 sepaiate 
villages, the population of the villages ymiying fiom 642 to 26 In 9 village*, 
only Hindus lne, m one, Hindus and Mohammedans onlv, in 2, members of 
all three communities, and m the remainder, Hindu* and Chnstinns The 
inhabitant* weie classified accenting to then sex and whether the\ were adult" 
oi chddien, details of the membeis of each class aie shown m Table I All 
giving then age as moie than 12 were classified as adults They aie all of the 
njot class, most of them agucultuial laboureis woikmg m the adjoining fields, 
but a few woik m Calcutta, the=e as already stated, aie almost all employed 
as mechanics bv the Calcutta Tramway Company Then economic condition 
i- low on the whole but few actually suffei fiom malnutrition fiom this cause 



M4P SHOWING GENERAL LAY-OUT or THE SURVEYED AREA 
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Table I 

■Showing population and kala-azai incidence m the sw veyed aiea, accouhng 

to community, sex and age 



Males 

Females 

Bom sf\es 


Adults 

Children 

Adults 

Children 

Adults 

Children 

Total 

Hindus 








Population 

973 

626 

1,050 

537 

2,023 

1163 

3,180 

Infected persons 

46 

53 

39 

49 

84 

102 

386 

Percentage infecfcod 

4 73 

8 47 

3 71 

9 12 

415 

8 62 

5 84 

Population 

1,699 

1,587 




Infected peisons 


98 


88 




Peicentage infected 


6 13 


5 54 




J1ohammfda.ns 








Population 

97 

58 

116 

52 

213 

110 

323 

Infected persons 

1 1 

7 

4 

9 

5 

16 

21 

Percentage infected 

1 03 

12 07 

3 45 

17 31 1 

2 63 

14 55 

6 50 

Population 

166 

168 




Infected persons 


8 


13 




Percentage mfectpd 

6 16 

7 74 




Christians 




1 




Population 

475 

316 

476 

338 

1 951 

683 

1,634 

Infected persons 

44 

66 

33 

49 

77 

105 

182 

Percentage infected 

9 26 

16 23 

6 93 

14 50 

8 10 

15 37 

11 14 

Population 


820 

814 




Infected persons 


300 

82 




Percentage infected 

12 20 

10 07 




All Communities 








Population 

1,545 

1,029 

1,042 

927 

3,187 

1,956 


Infected persons 

90 

116 

76 

107 

166 

223 


Peicentage infected 

6 83 

1127 

4 63 

11 54 

5 21 

11 40 


Population 

2,574 

2,569 



5,143 

Infected persons 


206 


183 



389* 

Percentage infected 

8 00 

i 

7 12 



7 76 


* The disparity between this total and that m other tables is aue to me 
of tiro patients from this area who weie admitted into hospital under the writer late m 
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A iough indication of the economic status of the vmious inhabitants is given 
bv the composition of the households, the households of the bettci -to-do being 
on the whole laigci, whcicns quite a numbci of the households m which there 
aic one 01 two poisons aic those of pool widows Theic aic, howcvci, numerous 
exceptions to this generalization 

Water-supply and sanitation 

The inhabitants depend cntnclv on 'tanks’ foi then wntci -supply There 
aie a number of these m each village Usually one 01 more tanks are selected 
as dimking-w atei tanks but these aic seldom lcseivcd for this purpose only, 
the inhabitants also wash themselves and their clothes tlieiem Recently, a 
tube-well lias been sunk in Kaoiapukkui, but this is not popular as the people 
complain that the watei fiom it is blackish 

An attempt was made to find out the source of drinking water of each 
household but this was abandoned as it was found that it was likely to vary 
from month to month Foi any given tank it can be assumed that the house- 
holds in which the watei is used aie those m its immediate vicinity The 
lhal is used onlv foi washing pui poses 

There is no system of sanitation whatsoever, the open fields are usually 
used for defecation pui poses 


Diet 

Tew of the people aie actually indigent and most of them can afford two 
meals a day, 3 ^et a number suffer from malnutntion on account of the 
unsuitability of then diet Their basic aiticle of diet is, of couise, nee The 
Hindus supplement this by dal and vegetables and occasionally small fish, 
but the lattei is somewhat of a luxury The Chnstian 0 and Mohammedans 
take m addition chickens and ducks, and also then eggs Ncithei mutton nor 
beef is eaten Milk is scarce and is not widely used 


The Kala-azak incidence 

Duimg the years prior to 1925 a few cases of kala-azai had been diagnosed 
and tieated, but, though it was realized by the inhabitants that tlieie was 
a consideiable amount of this disease m the district, the very large majority 
of the sick weie not making an attempt to attend any of the Calcutta dis- 
pensaries wheie suitable tieatment was available No ruial treatment centre 
had been established .anywhere neai Kaoiapukkur Then apathy was mainly 
due to ignorance but financial considerations also came in Duimg the fiist 
yeai the majority of the patients coming for tieatment weie advanced cases 
who had certainly become infected during the previous yeai or two yeais 
The Kaoiapukkur aiea is m a part of Bengal where kala-azar has been 
■ endemic foi many decades The disease ,s known to be subject to periodic 
naves of exacerbation Taking Bengal as whole the peak of the present wave 
was probably at an earlier date than the commeneement of To present 


20 
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enquuy, but we wcie not able to asceitam that there had been any unusuallj 

high moitahty amongst the population of this particular area during the 

previous few yeais, noi do the official fevei moitahty figuies indicate this, and 

it was the geneial opinion in the district that the disease had only appeared 

m its present sub-epidemic foim during the previous two years 

Figuie 1 shows the number of cases diagnosed each yeai It docs not 

indicate the incidence of the disease year by year as m many eases tlieie vas 

a considerable delay between the time of onset and the first attendance at 

our dispensary, this point will be discussed latei m the paper The actual 

/ 



figuies for the six years weie as follows 1925 — 121, 1926 — 127, 1927 75, 
1928—39, 1929—12, 1930—3, totalling 387 cases The incidence was thus 
75 2 per mille of the population (unconected, from our census during 1927) 
for the whole penod, it vanes from 26 6 during 1926 to 0 6 pei mille m 1930 
It is obvious that there has been a steady decline from the year 1926 onwards, 
culminating m an almost complete disappearance of the disease from the area 
by the end of 1930 The increase m incidence during the second year may 
be only appaient, as we shall show presently when the incidence village by 
village and community by community is discussed, the point, however, is an 

unimportant one 
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Cases 


Season vl incidence 

The wider has ah cad v hoiked out the seasonal incidence m Bengal m an 
mqimv based on ovei two thousand cases A inpid analysis of the case 
cauls of this senes shows that the seasonal dutnbution is vciv similar The 
months of onset of the disease in 212 cases m the senes in winch this point was 
investigated mote closely arc shown m Figme 2 It will be ^ecn that a "bmp 
cold-wcathei use ocerns m each of the fust thiec yeais and that even m the sub- 
sequent two ieais it was detectable 


Fio 2 



Incidence village b\ village 

The incidence village by village, year by year, is shown m Table II In 
three small villages theie w r eie no cases, othenvise tlie incidence vanes m each 
individual village from 2 72 to 23 65 pci cent of the population 


Incidence household by household 


Theie w r ere altogether m the aiea 823 households The numbei of peisons 
living m a single household vaned from 1 (m 18 instances) to 89 (m 1 instance) 
In most instances the smgle-peison household consisted of a singlc-ioomed hut 
m which a widow or a single man lived, it was usually situated near to, but 
quite distinct from, another group of huts which constituted the household of 
a family to w r hich she or he was related 


The household m which there w f eie 89 persons consisted of a large Hindu 
family of 4 generations They lived m a closely grouped collection of huts 
icy were divided into sub-gtoups for purposes of sleeping but there was a 
good deal of common messing and it was not easy to subdivide them mto 

-n — * ? 

rf ^ " »= 

uses a common kitchen 7 ' kS th ® f °° d f01 her famii y> hut usually 
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Table II 

Shovnng population village by village, and kala-azar incidence village by village 

and year by year 



Village 

1 

Popu- 

lation 

Cases coming under observation during 

Percentage 

incidence 


1925 

1926 

3927 

1928 

1929 

1930 

Total 

1 

Kaorapukkiir 

24G 

7 

4 

1 

0 

0 

0 

12 

4 88 

2 

Putian 

127 

1 

3 

1 

3 

1 

0 

9 

7 87 

' 3 

Karim mibtri- 
bagan 

147 

2 

1 

1 

0 

0 

0 

4 

2 72 

4 

Chakda 

121 

0 

, 1 

1 

2 

0 

1 

6 

4 13 

5 

Dhahpara 

309 

17 

10 

3 

1 

0 

0 

31 

7 77 

6 

Rnmbadrachak 

63 

1 

2 

0 

0 

0 

0 

3 

4 76 

7 

Shainkazichak 

102 

0 

0 

0 

0 

0 

0 

0 


8 

Zaiderkot 

296 

32 

17 

12 

6 

2 

1 

70 

23 65 

0 

Ramchandrapore 

254 

18 

23 

3 

1 

0 

0 

45 

17 72 

10 

Khasichak 

167 

4 

18 

4 

0 

2 

0 

28 

16 77 

11 

Thakuramchak 

265 

8 

12 

4 

2 

0 

0 

26 

9 81 

12 

Rajarampur 

379 

5 

6 

5 

6 

0 

0 

22 

6 80 

13 

Ramnagar 

212 

17 

10 

6 

1 

1 

0 

35 

16 61 

14 

Magurkhah 

121 

1 

4 

4 

1 

0 

o 

10 

8 26 

15 

Knshnagar 

110 

0 

1 

1 

0 

2 

0 

4 

3 64 

16 

Danrchak 

152 

0 

1 

2 

0 

1 

1 

6 

3 29 

17 

Rarnjibanpur 

56 

0 

2 

0 

0 

0 

0 

2 

3 58 

18 

Ramkantapur 

54 

0 

0 

0 

0 

0 

0 

0 


19 

Goalbari 

26 

0 

0 

0 

0 

0 

0 

0 


20 

Kulerdan 

561 

1 

3 

5 

l 

9 

1 

0 

19 

3 39 

21 

j 

Ram makhal 
chak 

642 

2 

9 



■ 

0 

24 

3 74 

22 

Sajnabaria 

325 

3 

6 

4 

0 

0 

0 

13 

4 00 

23 

Mulhckpur 

62 

1 

4 

2 

I 

0 

0 

S 

12 92 

24 

Malpara 

104 

0 

0 

5 

2 

0 

0 

7 

0 73 

25 

Gopalnagar . 

152 

1 

0 

fl 

2 

fl 

0 

5 

3 29 


Totai 

5,143 

121 

137 

75 

39 

12 

3 

387 

7 52 


Percentage 

• 

2 35 

2 66 

fl 

B 

0 23 

0 06 


— 
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If the household of 89 poisons which cannot bo stnctly consideied to be 
a single household is omitted fiom the calculations the mean of the numbei 
of pei sons living in each household is almost exactly G, actually the largest 
numbei of poisons live m a household consisting of 6, but the figuics foi 
household of 5 and 7 arc each almost equal to this wheieas about two-thnds 
of the population of the whole aica live in households consisting of 3 to 9 


pei sons 

Table III gives the distnbution of the kala-azai cases amongst the house- 
holds of diHei ent composition for the whole aica togethci, and Table III a, b, 
c, d, and c the same figuies <?cpaiately foi each of the 5 most hcavil> infected 

villages 

Of the 822 households (excluding the household of 89 poisons) 575 escaped 
infection altogether 164 had one cn=c only, 54 had two cn<ms and in 29 theic 
weie three oi moie cases of the disease That is to q aj, of the 387 patients 
164 apparently had no otlici case of the disease in the household, 108 had 
anotliei case of the disease in then households, citlici bcfoic oi aftci the} 


themselves became sick, and m 115 of the cases two oi moie otlici patients 
came from the same household 

A few yeais ago the nntei made ceitain obscivations lcgaidmg the 
epidemiology of the kala-azai in Calcutta Amongst 100 houses m which 
kala-azar patients had contracted the disease he found that m 74 houses one 
case had occuned, in 16 two cases, and in 7, 2 and 1 tin ce, foui and fi\e case*, 
respectively He submitted these figuies to Lieut -Colonel A G McKendnck 
who, aftei subjecting them to ceitain mathematical tests, concluded that they 
demonstiated a ' vei y maiked degiee of house infection’ If similai tests me 
applied to the figuies which we have given in our Tables III, Ilia, etc , it will 
be found that m most of them theie is an mciease m the chance of tho 
occuirence of anotliei case m the house noth the incidence of each successive 
case, or m othei words that theie is evidence of 1 residual endemicity ’ IVe 
have sent a copy of these tables to Colonel McKendnck and hate asked foi 
his opinion" in the meanwhile we have made no attempt to appiaise mathe- 
matically the value of this evidence 

On the other hand theie is no evidence that an increase m the number 
of persons living m one household increases the chances of the membeis of 
that household contacting the disease, as is the case with most ‘contagious’ 
diseases (This point should be consideied entirely independently of the question 
of ovei -crowding which is consideied elsewheie m this paper because, as a 
general rule, the increase in the number of residents is accompanied by a 
coiiespondmg increase m the number of looms ) If the households aie divided 
aibitiaiily into thiee gioups as shown below (Table IV) it will be seen ti f 
the greatest relate .nc.dence „ t the disease ,1 the si’aH 


of 


* Colonel McKendnck has written a 
this issue of the Journal 


papei on the subject which will be found on p 343 



Table III 

Showing the frequencies of the incidence of kala-azai cases m households of, 
different numerical composition , for the whole at ea 
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is not much chfleicncc m the 1 dative incidence m the last two gioups, but the 
same tendency picvails 

Tabui Illn 
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Table Illb 


Kazichak 


Number of 
persons in 
household 

1 

2 

3 

4 

5 

6 

i 

8 

10 

n 

15 

20 




55 

o 

W w 

O 

o 

c 

C? J 

CH . 

ff* 

O 

CO 

c3 

o 

0 

H 

No Cases 

2 

1 

g 

2 

n 

U | 

1 

i 


1 

i 

1 





15 

0 

1 Case 


2 

1 


2 

1 










7 

7 

2 Cnees 

i 

j 


1 i 

i 

1 










j 


2 ! 

4 

: 

3 Cases 



i 




i 

1 

I 


i 




| 

I 

4 

12 

5 Cases 






i 

: 


* 



1 



* 

i 

d 

i 

■ 

■ 

■ 

9 






■ 

■ 

■ 

Grand Totals 

29 

28 

Total Cases 

0 

| 

2 

l 

; 6 

] 

0 

1 

2 

4 

3 

3 

n 

0 

5 

1 

1 

i 

Grand 

Totals 

28 

Total Persous 


6 





21 






■ 

■ 

■ 

107 


Table Ilia 


Djtaiipara 


Number of 

1 

’ 





1 

■ 








• 

m 

O 

tf 

C 

persons nj 
household 

B 

i 

2 ! 

3 

4 

5 

6 

fl 

8 

9 


12 

14 

17 

2S 


« 

01 

CJ 

~i a 

o- 

a 

O 

















c5 

o 

O 

B j 

c: 


■ 






■ 









H 

No Cases 

1 , 

g 

n 

10 

4 

B 

6 

1 

4 

i 


1 

1 

1 


43 

0 

1 Case 

i 

! 


B 

4 

2 

B 

2 

1 



i 

1 





15 

! 18 

2 Cases 


| 




o 

*4 

i 


2 






i 

■ 

5 


3 Cases 


B 


j 

i 

1 








! 

| 1 

• 



2 

0 


■ 

■ 

gg 

■ 

■ 

m 





' 


Grand Totals 

m 

ii 

i 

B 




1 




! 

1 


i 



9 


Total Cases 

0 

0 

* 

4 

5 

G 

4 

0 

4 

i 

1 

0 

3 

0 

B 

91 

Total Persons 





35 

3G 

63 

8 

54 

20 

12 

14 

34 

28 

— 

399 
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non 


Number ol 
persons m 
household 


No Cases 

1 Case 

2 Cases 

3 Cases 


Total Cases 


Total Persons 


Table lilt? 

R VMS \fl U! 



— 



1 

— ~ "** 



' 

! i 1 

o 

.1 

1 

.j. 

7 , 8 

t 

. ‘ 

!t 

10 

. 

1 

11 1 12 

i t S i" • i 

Jjj 


! 

o 

•J 

I" 

r> 

( 
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7 

1 

1 

0 

1 ' 

1 0 1 

1 

) 

1 

4 

3 


l 

1 

1 

1 

1 

\ 

1 


o 


3 

l 

n 

1 


1 1 

1 

1 

1 

j 

i 




1 





i 

1 









1 

1 

t 

1 

0 

0 

8 

,3 

0 

i 

5 

1 

1 

1 

. 2 

0 

1 

33 

2S 

13 

21 

28 

21 

0 


10 


*r 

\l . I 

i- V C 

!-=i — 

C . ** 


18 , 0 
12 12 


10 20 

i 

i 

1 I 3 


Grand 'J ol >!*• • 11 T* 


!.| 

t i 


\ Or oul 
Totals 
‘ 37 


* 17 * 


M2 


Table IIIc 


RaMCITAN nRAl'bJt 


Number ol 




, 






j 






? i 

O 

persons m 
household 

i 

2 

3 

4 

r> 

0 

7 

8 

0 


12 





'2. v ■ 

_ 

I r 

e 

o 











1 










i 








1 






£ “ ! 

: e- 

No Cases 

i 

4 

4 

5 

f 

i 

3 , 

o 

i 

1 








\ 

21 

0 

1 Case 


1 

4 

o 

3 

3 


1 

O 

1 




1 


m 

10 

2 Cases 



2 



i 


1 


1 

1 
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Epidemiology of Kalci-azai 
Table IV 


Size of household 

I 

Kala-azar 

cases 

Number of 
persons 

Percentage 

incidence 

Small households, 1 to 3 peisons 

54 

478 

11*30 

Medium-sized households, 4 to 12 persons 

236 

3,739 

C31 

Laige households, 13 oi more persons 

47 

84G 

555 


Taking the instances m which there were two cases from one household, 
an attempt was made from the case cards to estimate the exact month of 
onset, the penod which lapsed between the time of onset of the first and the 
second case m the household was then calculated In tliree instances the time 
of onset in one or both cases was uncertain and these were excluded, of the 
remaining 51 the estimated period has been shown m diagiammatic form m 
Figuie 3 Examination of this chart shows that certain distinct groups arc 

Fig 3 


(2 3 4 5 6 7 8 9 to // 12 /3 14 IS 16 17 18 19 20 Z! 22 23 24 ?5 76 27 26 SO 30 3 / 32 33 34 35 36 37 38 39 40 

Intervals between the times of onset m households m which there were two cases 

formed, firstly, theie is a group at the beginning of the scale consisting of 
intervals up to 2 months, m these the infection was probably simultaneous 
Secondly, theie is a slightly largei — but less well-defined — gioup with its centre 
at about 9 months, the indication heie is that the second patient acquired the 
infection from the first This does not mean that the incubation period is 
9 months because m very few instances did the patient come undei treatment 
foi the first three months and m most instances not until after the sixth month, 
that is to say the souice of infection was present foi an average penod of six 
months This observation would be in keeping with our independently-con- 
ceived opinion that the incubation period is usually fiom 4 to 6 months 
Lastly, the lemamder aie spread out ovei a consideiable penod, m these 
instances there was piobably no dnect connection between the primary and 
the secondary cases The apparent tendency to gioup at about six-month 
intervals may be connected with the periodic waves m the onset curve 


L 


E vet aid Napwi mid C 7 ? Onpia. 


:ni 


, . . , ,„ mc calculation* when tlioic nro moic <hnn 

It ,s not possible to mob o he ■ ^ „ l1mrl -1,o«,n g Itac 

two cases on one household, but bom A , 


Fig A 



The months of onset in individual cases of Kala-azar in the 29 households m which 3 or more cases occurred 

□ Indicates one case 

0 Indicates two cases with onset m the some month . 


month of onset m each case m 29 individual households, it wall be seen that, 
although m a number of instances moie than one case appears m a household 
at the same time, theie is on the whole a tendency foi the cases to occm at 
mteivals of about a year 

Incidence according to religion 

There aie 9 villages with a purely Hindu population, of these the total 
population is 892 of which 51 persons were attacked, giving a percentage 
incidence of 5 72 Of these one village was very heavily infected, if this were 
excluded the figures for the remaining 8 villages would be population— 725 
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Table V 

Showing kala-azar incidence year by year in different communities 



/ 

Numbers 

1925 

1926 

1927 

1028 

1920 

1030 

Total 

41 

D 

41 

17 

S 

2 

186 

Hindus, 3,1S6 

Percentage inci- 
dence each i ear 

1 29 

2 42 

1 29 

0 53 

0 25 

0 06 

5 81 

Percentage of 
total cases at 
taeli year 

22 04 

41 40 

22 04 

i 

9 14 

4 30 

10S 



Numbers 

12 

4 

3 

1 

l 

0 

21 

Mohammedans, 

323 

Percentage inci- 
dence each yen 

mm 

1 21 

0 93 

0 31 

0 31 

o 

6 50 

Percentage of 
! total eases at 
each year 

57 H 

19 05 

14 29 

176 

• 

! 4 76 




! Numbers 

It 

! 08 

56 

31 

21 

3 

1 

1 180 

Christian's, 

1,634 

Percentage inci- 
dence eacli year 

4 16 

3 13 

1 90 

1 38 

0 18 

0 06 

11 14 

Percentage of 
total cases at 
each year 

37 78 

31 11 

17 22 

11 67 

1 67 

1 

0 55 



oases — 23, and incidence — 3 17 per cent Tins incidence is lower than any 
but one of the 16 villages in which there is a mixed population 

The actual numbers and the percentages m the three communities of the 
pei sons attacked by the disease are given m the last column in Table Y, the 
percentage incidence amongst Hindus is 5 84, amongst Mohammedans 6 50 
and amongst Chustians 11 14 Although the actual numbers of the persons 
attacked m the Hindu and Clmstian communities aie about equal, the incidence 
of the disease m the population* of the two communities is m the latter case 
almost double that of the formei 

This is one very definite fact that emeiges from the inquiry 
In the case of the Mohammedans the numbers are very small, but the 
percentage incidence appears to approximate more closely to that of the Hindus 
than to that of the Christians 

c 
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L Evci (ud Napia and C. E Das Gupta, 

Tlicic is some indication that the disease i* not *o pievnlcnt m Milage* 
m which Hindus* live nlonc, blit the evidence w not eoneUi-i\i-, a* it the 
whole 9 villages m which Hindus onh me living me comideicd the percentage 
incidence is almost a** high a* in the geneial Hindu eoniinunits 


JxcmiNcn ArconniM. 'io ma \m> \m 

When the census was wade the inhabitant* of each ic-idence were elated 
m to four gioups, male and female, adult* and eluldten, t lio*<* uho*e age on* 
given as 12 \cais 01 under wcie classed a« childicn The figuie* for IIum* 
different gioups with the kaln-azai incidence in each group art* gnen in 
Table I In Table VI the age grouping of the infected person* in the «urvevod 


Table VI 


Shoitnng the age incidence m the two seres, in the vtrvrycd men and from 

other sources in huha 


- 

I lounrs i uom this Srttx i \ 

( 

1 minis i non nrnri 
sol nr i_s iv Kim 

Age group 

. 

Males 

Fomnlc3 

Total 

Number 

j 

Pcrmtlngo 

As'iin 

ihipen*irv 

figures 

1 

j CtIciiUt 
out fntient 
| figure® 

1 

Under 5 years 

22 

' 

20 

48 

12 10 

: 

I*i rcenl ages 

0 > 

! 

|1\ KUitngi s 

? 1 

C years, but under 10 years 

48 

r.7 

10 r ) * 

27 11 

21 t 

17 

^ »> >> »» 15 ,, 

00 

20 

80 

23 00 

20 0 

27 r» 

15 » » „ 20 „ 

20 

20 

40 

11 88 

17 3 

1 

17 7 

20 » » „ 30 „ 

SO 

37 

07 

l 

1 

17 31 

180 

21 2 

30 » » » 40 „ 

10 

8 

! 

04 J 

C 20 

97 

0 2 

40 years or over 

2 

0 

8 

2 07 

38 

7 5 

Tgtai 

204 

183 

i 

387 



; 


area is given in more rWoii -cv 

of the disease m India, accordm-An^ 0868 t COmi J ans0n t]le n 8 e distnbution 
The incidence T’^’ " " h ° 

Per mille 1S 80 0 P ei mille and amongst females 71 2 
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The incidence amongst children, 1 14 per mille, is more than twice the 
incidence amongst adults, 52 1 per mille, tins is probably a question of the 
gi eater susceptibility of the foimei class, but is one which will be taken 
up latei The mean age of the male group is 14 85 years and of the female 
group 14 62 the mean age of the male childien is 8 70 and of the female 
childien 7 88 years 

Companson with figures from otlrn sources— It is interesting to compare 
the age incidence curves diawn from the percentages given m Table VI These 
are given m Figure 5 This shows that the nearer one gets to the source of 
the clinical material the younger are the patients In the Calcutta dispensary 
figures (horn our own out-patient department) the thud quinquennial age 
group (10 to 15 years) is the largest The majority of our patients come 


6 / Flfi k 



Under 5 years Over 5 years Over /Oye&rs Over 15 years OverZOyears Over 50 years Over AO ye. 


& Under rOyegrs rkUnder/Syra tkUnder ZOyrs s. Under ZOyes s. Under eOyrs 

* The lift.}) and sixth groups are 10-year periods as against 5-vear periods of the first four, 
therefore the percentages were divided by two The percentages in the last group were 

also divided by two 


fiom outside Calcutta, they are usually pool and, though money can be found 
to pay the fare of the bread-winner, the family cannot afford to send the 
children to Calcutta for treatment 

In Assam the dispensaries are widely distributed throughout the rural 
distnets so that the majority of the patients have not long distances to come, 
but there are isolated villages with no dispensary near them Thus, even here 
the dispensary returns do not indicate the true age incidence of them though 
they come much closei to it than the Calcutta figures do, the percentage of 
cases falling m the first quinquennial age group is twice as high m the Assam 
figures as it is in the Calcutta figures, and the percentages falling m the second 
and third quinquennial groups are about equal to one another 
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In our <un overt mca, ul.no tl.e d.-ponc, v «' ™v non. nil the r,lln B os 
and wheic house-lo-housc inspection was cm nod out, the pcieeninge of pnticn * 
unde, 5 ten,- i« non IurIici and the laiRC-t pnrenlaKo 1“ in the -nond quin- 
quennial age gioup, these figmcs piobnblv indicate \civ .lreuintcly the tine 
age incidence of the disease m India 


In the same wav the appaient ®c\ incidence of the disen=e is influenced 
bv the distance of the dispensaiy fiom the somcc of the clinical maternal In 
Calcutta (Nnpiei, 1926) 76 pci cent of oui patients weie males in A«nm 
70 pei cent w'crc males, whcicas m oui pic«cnt c cnes the diffeicnec in the s C \ 
incidences has almost disappeared and onl> 53 per cent (52 96 per cent) aie 
males 


Tins difference m the numbci of infected persons m the two sexe® is small 
compaicd with the figuics from othci somccs in India, but is in oui opinion 
too large to be nttubuted solely to 01101 = of landom sampling Puidah is not 
obseived to any extent m these nual distiicts and not at all b\ the Clmstians 
A comparison of the figuics for males and females m the two communities 
shows that ~~ —ill amongst the Hindus, and = 1 21 amongst 

the Chnstians The difference is insignificant and is the reveisc of what we 
would expect if puidah wane piactiscd amongst the Hindus he thcicfoie 
separated the two sexes m the age distribution Table VI m oidei to see in 
which group the deficiency in the females occuncd, and found that m the 
group, 11th to 15th year, thcie wcie only half as main females ns male® and 
that the deficiency in this gioup moie than accounted foi the deficiency m the 
whole female group It wan® difficult to explain this deficiency on social oi 
religious grounds and caieful enqumes locally failed to elicit any l cason which 
would account for the concealment of the disease m gnls of these ages 


Heie again a compauson between membeis of the two religions fails to 
show that the deficiency m this gioup is gieatei amongst Hindus Had the 
deficiency occurred m the next age gioup, it might have been suspected to be 
due to shyness on the pait of young mamed women In actual fact the 
deficiency m the latter group was much less marked and was, we have ei ei y 
reason to believe, not due to this cause We then plotted the age cuive foi 
each sex sepaiateJy, and it was immediately appaient that the age distnbution 
m the two sexes was different Figure 6 suggests that there is a difference of 
about five years between the age of maximum incidence m the tw f o sexes but 
as this graph is based on five-year age groups a difference of a less C1 nmnf) 
could not be shown When we tabulated the frequencies m one-yeai periods 
it was found that except m the case of the very young children, thcie wcie 
obvious mistakes due to patients giving the approximate age only, fox cxamnle 
lere were gir s aged 10, and 12 aged 12 years, whereas there wars only one 
whose age was given as 11 years The eranh nWtnr! u ,, 1 ^ onc 

very megular, and ,» orde. to „b J a to* ' ^ "'" S 

of tie frequences at each th.ee conserve „„e- yKU 
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the middle veai pcnod Tins is shown m Figuic 7 The male nnvc iw 
steadily up to the 7th yeai of life, then moic uipidly up to the 10th ycai , this 
use is maintained until the 12th ^cai, thcic is a lapid fall until about the 
20th yeai , aftei which the fall is continued but is slowci , aftci this age pcnod, 
howevei, the cuive becomes vciy liiegulai on account of the smallness of the 
numbeis and because patients peisist m giving then ages appioximatcly, choos- 
ing multiples of five On the otlici hand the female omve staits to me inpidly 
almost fiom the beginning, 1 caches its maximum at the 8th yeai, lcmains high 
foi the next two veais, then falls lapidlv, it ciosses the male curve between 
the 17th and 18th 'veais and aftci w aids follows this cuive more or less closely 
That is to say for the fust 17 ycais the female cuive lags behind the male curve 
b} about 2 yeais on an aveiage The compaiativc lcgulauty of these two 
curves and the snnilaiity of their gencinl contoui suggest that, except for 
slight maccuiacies m the ages gnen by the patients, oni figuies represent the 
tiue age and sex distnbution in the aica, and confinn om opinion that the 
deficiency in the females in the lltli to 15th yeai gtoup is not due to conceal- 
ment of the disease m gills of these ages 


Up to the age of 12 yeais thcic is piactically no diffeicncc m the treatment 
of the childicn of the two «exes A small pcicentagc of the Ilindii gills are 
man led between the ages of 8 and 12, but even in these cases there is not 
much restriction to then movements As the diffeicncc m the age distribution 
is mainly befoie this age, the diffeience cannot be a question of exposuie to 
infection, it must, theiefoie, be a mattei of the lelativc susceptibility of 
clnldien of different ages in the two sexes We felt that it would be intei cstmg 
to see if the age incidence were the same in a heavily infected village Taking 
Zaidarkot with its incidence of ncaily a quartei of the whole population, wc 
found that the incidence was 32 71 amongst clnldien and 18 62 amongst 
adults, and that 11 43 pei cent, 24 29 pei cent, 24 29 per cent and 10 00 per 
cent of all patients m the village fell within 1st, 2nd, 3rd and 4th quinquennial 
penods respectively and that the lemainmg 30 pei cent were 20 yeai 5 : oi ovei 
Comparison with the conesponding figuies! m Table I and Table VI will show r 
that there is a vciy close similanty between the age distribution m this heavily 
infected village and that m the whole aiea but that the piedommance amongst 
young children is less maiked in the formei This is as we would expect 
wheie theie w a veiy heavy infection persons of the less susceptible age 
groups aie at gi eater lisle of becoming infected, whereas the highly susceptibles 
are almost exhausted With a 33 pei cent incidence amongst all clnldien the 
incidence m the most susceptible groups must have been very high indeed 

The subject of the difference m the susceptibility of pei sons of different 
ages to infection is a very wide one and cannot be enteied into m any meat 
detail in this paper In this particular instance we think it is apparent that 
. IS not a mattei of • salting - of the population Tins would not a”o”„t fl 
the rise in the cuive up to the 10th year and could hardly account for the 
extremely laprd diop thence to the 17th year The s.fw , „ ' 


J, MR 


Sifting out of the 
21 
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highly susceptible? and the production of immunity m the suivivors by previous 
epidemics of the disease would account foi the general decline m the age mci 
dence cune aftei the 20-yeai maik but not foi the eaihei sudden diop winch 
is shown m both ciuves m Figuie 7 In oui senes the age lecorded is the age 
at the time of fiist attendance The majonty of the patients, espccialh in 
the first two yeais (1925 and 1926) dm mg which time the bulk of the patients 
attended, had been suff ei mg foi moie than 6 months at the time they fiist 
attended, if m addition to this we take into considei ation the incubation penod 
of the disease, which piobably, though not a constant penod, is not less than four 
months, we aie justified m assuming that the time at which infection occuned 
was about a yeai before the time of fiist attendance, so that if the curves are 
shifted one year to the left they would indicate the age at the time at which 
infection took place In these cn cumstances the appaient extieme rarity of 
the disease m the fiist year of life is easily undei stood 

Let us considei the male cuive, which uses at first slowly, then lapidly, 
reaching its maximum at the tenth yeai This means that the most highly 
susceptible penod commences dui mg the ninth yeai, and that after the 11th 
yeai susceptibility declines rapidly The changes m susceptibility fiom yem 
to year are probably a mattei of endocrine balance, and puiely tentatively we 
put foiwaid the suggestion that m this instance it is in some way associated 
with the development of the adienal glands These aie well developed at birth, 
but lapidly diminish m size until the sixth month and then mciease only 
slowdy until the age of eight, aftei this development occuis lapidly until the 
age of 20 when the maximum is attained The penod up to the age of 8 years 
when, although geneial body giowth is rapid, tbeie is only a slight increase 
m the size of the gland amounts to a penod of lelative decrease Thus, re- 
turning to our age-incidence ciuves (Figuie 7), during the penod of lelative 
decrease m the adienal gland theie is an mciease m the susceptibility 
to infection, then when the adienals commence to develop rapidly theie is at 
first no further mciease and later a lapid fall m the susceptibility, after the 
20th year when there is no further mciease m the adienals the kala-a'zar 
incidence stops its lapid descent and the subsequent slow decline is probablv 
due to othei causes 


We have no figuies showing any difference m the age of development of 
the adienals m the two sexes, but, as these are associated with the gonad 
development, which is much eaihei m the female than m the male, m India at 
any rate, it seems possible that the development of this gland and of the 
balancing factoi — whatever it may be — is much earlier m the female than m 
the male, this would account foi both the earlier use and earlier fall of the 
age-incidence cuive m the female 


The difference m the total incidence of the disease m the tw'o sexes can 
easily be explained by lefeience to the age-mcidence cuives On account of 
the earlier rise and earlier fall m the female age-incidence curve, the period 
of higher susceptibihtv is shoiter m the female than m the male, consequen y 
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the difference m incidence between males and females up to the age of 17 
lcpiescnts the difieiencc between the whole male and the "bole female 
gioups This diffci cncc up to the end of each yeai of age (up to the age of 30, 
the latci data being too mcgulai to be included) is shown graphically m Figmc8 
Theie is a female picdommanee up to the 9th yeni , this is lapidly countci- 
balanced, and by the 17th yeai theie is a mailccd male picdonunanec, which 
is maintained at about the same level subsequently It w thus piobnblc that 


Dif femes >n 
aclust numbers 


Fio 8 


Up to 
end of 


Chart showing male and female predommence up to various ages 
this difference in the incidence m the two sexes is a leal and not an apparent 



A CRITICAL EXAMINATION OF OLE FIGURES WITH REGARD TO THEIR ACCURACY 

wlt J e “ of the opmion that practrcally every ease of kala-asar occur™ 
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disease m the vanous village*, communities and age gioups, and m the two 
se\es throughout the area 

We will examine the figuies which we have obtained to see is hat evidence 
we can obtain to conti oveit the above statement We have already done thu 
m the case of the age and sex distnbution, and ceitain appaient irtegulnrific* 
have been explained We will now take ceitam othei factois winch might 
adveisely effect the coricctness of oiu figuies 

Distance fiom the dispensmy — The villages can be divided into three 
groups, those within a mile of the dispensary, those between one mile and two 
miles fiom the dispensary and those moie than two miles from the dispensary 
No village was more than tlnec miles away Table VII gives the incidence 
of lcala-azai m each of these thiee gioups It wall be seen that the incidence 
of the disease is not in propoition to the distance of the village fiom the dis- 
pensaiy, by far the largest numbers came fiom the second gioup, which was 
not only the largest gioup but happened to contain the two most heavily 
infected villages 


Table VII 


Showing the incidence yeai by yea ? in diffeient groups of villages 
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f* o 

Group 



1025 

1026 

1927 

1928 

1928 



O c 

_ 

q <u 0< 

ggg 

&§& 

Pj 

A 

7 villages 
witbm 

1 mile 
radius 

Pop 1,205 

Numbers 

28 

21 

7 

6 

1 1 

1 

1 

1 

64 

5 31 


Pereen 

tage 

each 

year 

i 

43 75 

32 81 

10 04 

9 38 

1 56 

1 50 

100 00 


B 

12 villages 
between 1 
and 2 miles 
Pop 2,092 

Numbers 

85 

94 

41 

} 

17 

8 

2 

247 

1 

11 81 


Pereen 

tage 

each 

year 

34 41 

i 38 06 

i 

| 

16 60 

j 

J 

6 88 

3 24 

0 81 

100 00 



6 villages 
between 2 
arid 3 miles 
Pop 1,840 

Numbers 

8 

22 

lllll 

16 

3 

0 

76 

412 

C 

Percen- 

tage 

each 

year 

10 53 

28 95 

35 53 

2106 

: 

3 05 


100 00 

: 
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Totals 


121 

137 

75 

39 

12 

3 

387 
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Appaicnth the distance factoi had little influence on the total number 
of patients eventually coming undci obscivation It will be seen, however, 
that the distance factoi had a distinct effect on the time at which the infected 
pci son* came undci observation In Table VII the incidence year by ycai 
m each gioup is given and also the pciccntage of all patients fiom that gioup 
which the incidence m each ^>eai lepicscnt^ A giaph of these pciccntagcs has 
been diawn and is shown in Figuic 9 The peak of the cuive of Group A is 
in the fust r eai, of Gioup B m the second ycai and of Gioup C in the third 
yeai , the same lapid decline occms in each instance That is to say, by the 
fouith yeai the disease had been piactically dedicated fiom each of the tlnee 



The incidence of kala-nzar year by year in each of thiee groups of villages shown as 
peicentages of total incidence m that group 


groups of villages Had, foi example, a numbei of cases been overlooked m 
the villages of Group C, the disease would have continued to spiead and in 
the Iatci yeais, when all the villages weie visited, a fai gicatei number of 
infected persons would have been found m villages of this gioup than nr the 
otliei villages where treatment had been moie comprehensive In actual fact 
the level se was the case, only 3 infected peisons weie found m the 5th veai 
and none m the last yeai We are, therefoie, justified m assuming that the 

nfwarent " ™ “ the U ““ ^ » .cal and 
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The religion of the people — When the srnvey was commenced it was hoped 
that there would be a 1 epi esentative number of persons from eacli of the three 
communities, but circumstances, to which we have alieady lefened, made it 
advisable to exclude certain villages fiom our calculation, these villages unfor- 
tunately included the bulk of the Mohammedans of the original aiea The 
lesult is that this community is represented by such a small number that it is 
not fair to make compai isons between it and the othei two communities which 
aie each well lepiesented 

The peicentage incidence m the Chnstian community is very neaily double 
that of the Hindu In Table Y we have shown the number of patients attend- 
ing each yeai, the peicentage incidence of the disease each year, and the per- 
centage of the total patients m that community that attended during each year, 
for each of the thiee communities It is appaient from this table and fiom 
the giaphs dr awn from the peicentages m this table (Figuie 10) that theie 


Percentage Fig 10 



Kala-azar incidence year by year in Hindu and Christian communities, respectively, shown 
as percentages of total incidence m each community 


was a ceifcam amount of hesitancy on the pait of the Hindus m coming or 
ti eatmfent dui mg the fiist yeai At the same tune we think that it is evidcn 
that dui mg the second and subsequent jeais they came as leadily as 10 
Christians The apex of the Christian cuive is m the fiist year, that o m 
Hindu curve w m the second yeai , after this both curves show the same rapi 
decline, but it is not until the fifth year that the Christian incidence curve a 
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below the Hindu incidence ciuvc Had thcic been any serious defection on 
the pait of the Hindus this would have been shown by a much moie raaikcc 
lag m the fall of the Hindu incidence cuivc 

It might be aigucd that dui mg the fust ycai, the failuic on the pait of 
some of the Hindus to come foi licatmcnt would mean the lo°s of these eases, 
cithei thiough death 01 spontaneous cuic 

This loss would be small and would lie compensated foi by the fresh 
infections m this community that would occui as a lesult of these peisons 
lemammg untieated foi a longci penod The effect of tieatment m stopping 
the epidemic extension of the disease is a point which will be discussed later 

Thus, although the maioiiH of the Hindus came undci tieatment at a 
slightly latci date than did the Clmstians, we have eveiy leason to suppose 
that the diffeicnce m the incidence of the disease in the Hindu and Clmstian 
communities is a ical and not an appaient one 


The effect of treatment in limiting the epidemic extension of the disease 


One of the pnmaiy objects of this mqimy was to ascertain the effect of 
tieatment of the affected peisons on the epidemic extension of the disease in 
an endemic aiea We, theiefoie, only tieated patients who appealed to live 
within the pi escribed aiea, oui intention being at a latei date to move oui 
dispensaiy to an adjoining conti ol aiea Cncumstances pi evented us from 
carrying out oui anginal plan, but fiom the beginning of 1928 we allowed 
patients from outside the aiea to come foi tieatment Most of these peisons 
attending came fiom just outside oui aiea, but it was not possible to estimate 
what was the total population of the villages fiom which they came, noi was 
tlieie any reason to suppose that they lepresented any considerable piopoition 
of all persons suffenng fiom kala-azai m these villages, as it is quite ccitain 
that some of the patients weie going elsewheie foi treatment 


The extiemely lapid falling off in the incidence of the disease m the sui- 
veyed area, occui nng as it has in a distnet where the disease is endemic, suggests 
very stiongly that the influence of some unusual factoi has been bi ought into 
action The intensive tieatment which was earned out m this aiea is, as fai 
as we aie able to tell, the only factoi which is not common to the suiveyed 
and the surrounding areas As we have indicated above, it is piactically 
impossible to estimate the percentage incidence of lcala-azai m the sun oimding 
villages foi pui poses of making a companson with the known incidence m the 
surveyed aiea, the only means available for making this companson is bv 
comparing the percentages which the kala-azai cases constitute of the general 
attendance at the dispensary, separately foi both the villages within n J +1 
without oui suiveyed aiea These aie shown +1 t n anci tll0Cie 

VIII) and have been graphcally Resented m F, gl L u ™ g (Tab ' e 




Kala-azar incidence year by year within and without the surveyed area, expressed as 
percentages of total dispensary attendance 

Table VIII 

A companson of the kala-azar attendance with the general attendance from the 
surveyed area and from villages outside this area, year by year 


From villages within the 

SUBVEVED Alt 7' A 


From villages outside the 

SUEVETED AREA 
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By the ycai 1928 thcie had been a vciy maikcd 1 eduction m the disease 
m the suivcycd a\ca, but m the sunounding aiea the incidence wa^ still 
appaicntly vciy high, and in 1930 w lien the disease was piactieally eliminated 
fiom the foimci aiea, which had been subjected to *u\ yeais of conccntiatcd 
tieatiiicnt, a liunibci of c.mcs weic *till ciopping up m the lattci aiea, wlieie 
spoiadic tieatiiicnt had only been given dining a pcnod of tin ec ycai* 

Thus, the evidence in favoui of the tieatiiicnt of the kala-azai patients 
having limited the epidemic extension of the disease can be «aul to be fail ly 
stiong 


Dermal leishmaniasis 


Of the 387 kala-azai patients from the suivejcd aiea who underwent 
treatment six attended at some subsequent date suffeiing fiom post-kala-nzai 
dermal leishmaniasis, that extiemely mtciesting sequel of the visceial disease 
This nuinbei constitutes 1 55 pei cent foi the kala-azai casc c The ^amc 
condition was also found m 2 othci patients who had nevei been tieated for 
lcala-azai but who gave a lnstoiy of having suffered fiom fcvei a yeai oi so 


previously 

A few weeks ago w r e sent a message to all the villages in the area asking 
all persons wdio had at any time during the last six yeais suffered fiom kala- 
azai to attend the dispensaiy at a ceitam lioui Considenng that the patient 
could expect little immediate advantage fiom compliance with oui lequest, 
the response was veiy good, altogethei about 120 patients fiom the suiveyed 
area mustered They weie examined liumedly by the wntei and Di Das 
Gupta There was no evidence that any of them weie still suffeiing fiom 
kala-azar, but six -weie found to be suffeiing from deimal leishmaniasis Of 
these two weie amongst the six m whom the condition had alieady been noted 
In the other 4 cases the patients had not themselves obseived that they had 
any skm disease It is thus obvious that the disease is much moie common 
than previous experience has indicated Six cases out of 120 poisons is 5 pei 
cent, which may be taken as the probable peicentage incidence of this sequela 
in a kala-azai population which has been subjected to the usual couise of 
treatment by sodium antimony tartiate Of the 10 pei sons with this condition 
that came under obseivation, the details of the treatment foi the oiigmal 
visceial infection aie available m 8 cases and show that these patients weie 
all tieated by sodium antimony taitrate and that the mean of the numbei of 
injections given was 27 25, the maximum being 30 and the minimum 19 They 
were all children undei the age of 10 at the time the condition was fust 
obseived, the youngest being 5 yeais Fom were gnls and eight weie boys 
i he lesions weie depigmentation only, except m the case of one gnl who had 
commencing nodules on the face 

Discussion— This condition was not iccogmzed at all until 1922 when 
Biahmachan desonbed a nodulai case During the next few 1 f 

moie single nodulai cases weie encountered and desenbet by "he 
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and by otheis, but the piotean natiue of the clinical manifestations was not 
fully leeognized until a compiehensive study of the disease was made at the 
Calcutta School of Tiopical Medicine (Acton and Napiei, 1927, and Napiei and 
Das Gupta, 1930) The attendance of new cases of this condition at the 
School of Tiopical Medicine is now at least 100 cases a yeai This gives a 
veiy inadequate idea of the numbei of cases of this condition which exist, as 
the patients seldom come unless the lesions aie extensive In oui fiist senes 
of 44 cases, 37 (oi 84 pei cent) showed some nodules, and in oui second senes 
of 150 cases, 110 (oi 73 pei cent) showed nodules, but m the present small 
senes m only one out of 12 cases (or 8 pei cent) is tlieie any sign of nodulai 
lesions 

The couiso of treatment which these patients leceived was not an 
inadequate one and fiom oiu expenence lecorded m the above-mentioned papeis 
tlieie is no evidence that the condition is moie frequent aftei tieatment by 
sodium antimony taitiate than aftei tieatment by one of the pentavalcnt 
compounds of antimony, there is, theiefore, no reason to suppose that these 
patients were open to gieatei risk of getting the condition than the rest of the 
kala-azai population Though it is admittedly dangeious to generalize fiom 
the paiticulai, tlieie docs not in this case seem to be any reason why we should 
not assume that at least 5 pei cent of all tieated cases of kala-azar in 
Bengal get this skin condition in some fonn oi othei 

The fiist signs of the condition appear usually about a yeai aftei the 
patient lias been tieated and cuied — as far as all general clinical manifestations 
aie conceined — of the visceial infection The first lesions aie eitliei the 
erythema of the face oi depigmented patches of the face oi body Veiy laiely 
the lesions piogiess until the extieme condition which simulates xanthoma 
tuberosum multiplex is produced Moie frequently only nodules aie pioduced, 
but m a numbei of instances the disease does not seem to advance beyond the 
depigmented stage At one time we weie undei the unpiession that in all 
cases the nodulai condition eventually developed, but the fiequency with which 
only depigmented lesions aie encounteied m cases of comparatively long stand- 
ing chives one to the conclusion that this is not the case Duung the mtoival 
between the cessation of all symptoms of the visceial disease and the fust 
manifestations of the deimal infection, which intei val though usually only about 
a yeai may be a numbei of yeais, the paiasites must be somewheie m the body 
and aie most piobably m the skin If the paiasite can remain in the skin for 
considerable penod° without giving use to any obvious lesions and if the 
lesions produced by the paia°itc m the skin may cease to pi ogres 0 at any stage, 
it seems quite possible that in a numbei of instances the paiasite may be 
pic°ent and yet nevei pioduce any clinical lesions at all 

To cany the aigument fuithei, pei°ons with veiy advanced lesions aie 
seen but aie raie, cases m which tlieie are nodules aie frequently encounteied 
but form a very small peicentage of the kala-azai population, case 0 m wine 1 
tlieie aie only depigmented lesions aie moie common and foim an apprecia c 
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pci ccntagc of the whole kala-nzm population, piobably as high as 5 pci cent, 
and finally the cases m which the pai asites aic pic^cnt m the skin, but in 
which thcic aie no clinical lesions, may be even inoic numcious and foim a 
laigc pci ccntagc of all the heated kala-azai patients These dcnnul infections 
whethei accompanied bv clinical lesions 01 not may constitute the lesenons 
of infection 

OtHLR DISEASES AMONGST HIE INHABITANTS 01 HIE LOCAEm 

Malai 1a — AVc luce no accuiate lecoid of the spleen late m the aiea, but 
as in all similai uual aieas in Bengal, it is high Maku m was the clinical 
diagnosis made at oui dispensaiy in about half of the patients attending, and 
wdien piessuic of woik has allowed it this diagnosis has been confnmed bj 
blood examination In 770 slides examined dining 21 months in 1926 and 1927 
(Scptembei , Novembci and Dccembei of 1927 being excluded), paia«-itc« weie 
found in 492, the picdominant paiasite was P vivax m 250, P falcipaium m 
231, and P malaria in 11 The highest incidence is m the months of Oetobei 
and Novembei Theie has not been any noticeable mciease m the pie\alcnce 
of this disease dui mg lecent yeais 

The fiequency wutli wdnch the lnstoiy of the onset of the kala-azai attack 
simulates that of the tjpical attack of malana, and the fact that the kala-azai 
onset cuive loathes its height a few' months aftei the penod of highest malai ml 
incidence, suggests that in this distnet a malai ml attack is a common piecuisoi 
of kala-azai 

Hookwonn disease — This does not exist to any senous extent Although 
a hookwonn infestation has been noted in about 63 pel cent of the population, 
it is usually a light one, in not moie than 10 pci cent of cases did the condition 
wanant tieatment, and in only one case out of 143 examined w r as a seveie 
hookworm anaemia noted Di A K Mukeijce, wanking undei the dncction 
of Di A C Chandlei at that time in chaige of the Hookwonn Reseaich 
Depaitment of the School of Tiopical Medicine, who earned out some investi- 
gations m this aiea, was kind enough to supply to me the above mfoimation 

Theie has been no senous epidemic in the aiea since the influenza' epidemic 
of 1918 Cholera and smallpox have occuned m mild epidemic foim on 
two or three occasions dui mg the six yeais Typhoid lias not been a lecog- 
mzable clinical entity of any importance, although it is piobable that a numbei 
of mild cases have occuired 

Respiratory diseases are common during the penods of weathei tiansition 
fiom hoc to cold, oi fiom cold to hot 


The environment associated with kala-azar incidlncd 

In the hope of obtaining mfoimation iegaid,ng any special envnonmental 
conditions which could be coirelated with vanations in th* i- 0 i ' 

m d’ffeient households w.th.n the endem.c a! a a d t m “I"" 

t,on of the coupons .„ each sepa.ate household " a nul e ! o h’ Ifn ' 
m the a,ea Tins .nvest.gat.ou was earned out m 1927, the deta.ls glvef.u 
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the tables aie applicable to the state of affaus existent at that date, except 
with lefeience to the numbei of eases of the disease, this detail lias been 
collected up to the end of 1930 

The natw e oj the building — Neaily all the buildings m the aiea aie made 
with thick mud walls and thatch 01 khola loofing, a few have paitial or complete 
galvanized non looting, but we have not diffeientiated buildings accoiding to 
the nature of the loofing Figuie 12 shows the anangement of a typical small 
gioup The windows, if they exist, axe usually completely closed m by bamboo 
matting, but theie is ficquently a small space between the roof and the vails 
tlnough which smoke can escape Theie aie 10 gioups of buck buildings, of 


Fig 12 

PLAN OF A TYPICAL HOMESTEAD 
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these two aie infected Theie aie 86 peisons living m these households, o 
which tlnee have had kala-azai The details aie given m Table IX 

The lcala-azai incidence amongst peisons living in buck buildings is 
3 49 pei cent, against 7 8 pei cent foi the whole area in which tln c point h.v 
been investigated, the numbei of poisons, houevei, is so small that the 
cannot bo consideied to be significant 

As we have stated ahoxc theie me considerable diffeiences m the mzc-. 
of the different gioups We have divided them into (a) ‘■ingle huts, (b) 
groups, and (c) laige groups Details arc given m Table IX 
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Tlic infection late amongst peisom living m single huts m distinctly lnghci 
than that foi the whole men, 104 per millc, against, 78 The difTcicnce 
between the incidence m the huge and binall gimtps is less and the inculeme 
is, cunouslv enough, lnghci m the laigc gioups 

Ciowdinq and cleanliness of the swioundings — The avciage numbci of 
poisons pci loom m infected huts is 3 94, as against 3 47 m uninfected huts, 
but, when the pioblem is examined fiom anothci point of mow, thcie is a 
highei incidence m households m which thcie me less than foui poisons living 
m one room than m those m winch thcie aic moic than foui pci c ons m a 
room The two obsei nations appeal to be conti adictoiy, but it is at any mte 
obvious that theic is no evidence that clouding has am influence on the 
transmission of the disease 

It was noted whethei the compounds or the nieas suuounding the houses 
weie tab , oi whethei heaps of iubbi«h wcic allowed to accumulate The 
distinction was neccssanh a somewhat ailntiaiv one The incidence was 
highei m the houses that wane lcpoited a« untidy, but the difTeiencc cannot 
be consideied to be significant 

The keeping of fowls and ducks — Full details aic gnen m Table X It 
will be seen that the incidence amongst the population and the infection late 
amongst the huts each undeigocs an mciease of about 30 pci cent above the 
mean wlieie fowls aie kept but that wlieie ducks only aic kept thcie is a 
decrease The incidence is highest wlieie both ducks and fowls aie kept (110 
per mille) 


The incidence is also distinctly highei m households wlieie the poultu arc 
kept m the living looms than is those m w r hich they aie kept elsewdieie 

The keeping of cattle and goats — Full details aie given m Table XI 
Nothing very sti iking is b. ought out heie Where cows aie kept a gieatei 
number of households aie infected, but the incidence amongst the population 
is less This is piobably to be explained by the fact that the laigei households 
usually keep cow's, that each of these households consists of a laiger number 
of pei sons, and that therefore the chances of each homestead becoming infected 
is greatei than m the case of the small household 

Again, the incidence is slightly lowei m the households m which cons aie 
kept close to the sleeping quarteis 

Where goats are kept the incidence is distinctly highei than the mean 

Discussion— On the whole this last part of the mqimy, that is, With infer- 
ence to the envnonmental conditions, has been disappointing 

The highei incidence amongst the single-hut g,oups suggests that the 
disease is commonei amongst the pooiei classes of the community 

the , mcldenc<! 18 HU 110 PM milks, m households whcie both 
toe s aud ducks a.e kept and that.hsgh me, deuce ,s moie definitely associated 
with the forme, is possibly a paitial coirelation with the fact that the ,1 
IS mote common amongst Chnstians than amongst Hmrilf n i <I,SC ‘ 1S0 
hand theie ,s no doubt that the ptesenee of fowls, especiaHy when"™; mfc 
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hut, adds veiy consideiably to the pioduction of geneial msamtaiy conditions 
this would apply less in the case of ducks, as these buds tend to wander n\u\ 
fiom the house to adjacent watei, they remain on the ground, and do not tend 
to come into the houses m the way that fowls do 

The fact that the incidence is slightly lowei in households where cows are 
kept may again be a partial correlation with the bettei economic status of the 
membeis of these households The fact that few^er homesteads aie infected 
m the class in which the higher incidence is noted lathei adds to than detiacts 
fiom any impoitance which one might attach to this observation The fact 
that the incidence is lowei wdieie the cows are close to the sleeping quaiters 
adds some slight weight m favour of our theory of zoophihsm and sandflies, 
which has been piopounded else wdieie Goats add to the geneial insaiiitan 
condition and aie probably a less suitable souice of food than the cow r 

Kala-azar incidence in the two boarding schools in the area 
In the eaily pait of the papei mention was made of the two Clmstian 
schools in the area The boai cling scholars w r ei e not included m oui geneial 
analysis for various leasons — the mam one being that they are not peiinanentlj 
jresident in the schools In the girls’ school 3 of the scliolais have suffeied 
from kala-azar, but none of the boys have conti acted the disease This is 
possibly a fact of some significance 

There aie 36 boys in the school at present but theie is accommodation foi 52 
and during the penod of the enquny the aveiage number has been about 40 
The school is situated m a comparatively isolated position on the edge of the 
village It is sepai ated by moie than a hundred yards of open playing fields 
from othei habitations and is sui rounded on all sides by open playing fields 
and nee fields Theie are veiy few trees and none of the thick undergiow'th 
which is so commonly found surrounding the village homesteads The boys 
sleep m a large open loom, brick built, with a tile loof It is well-ventilated, 
high and airy A master sleeps m an adjoining room beyond which there is 
a cou r -shed There is a consideiable amount of open space between the 
doimitory, and the fowl-house and kitchen, pi ivies are used in both schools, 
they are clean but not protected from flies The water supply is from a well 
in the compound, but tank w r atei is sometimes used The girls’ school is in a 
less exposed position and is closei to the suiiounding huts 

Summary 

Our observations w T ere earned out during a penod of sub-epidemic exacei- 
,bation of kala-azai m an area where the disease is endemic 

We have pioduced considerable evidence to show' that during the 6 jcar= 
a very large peicentage of the cases of kala-azar came under notice and were 
diagnosed, and that oui figures give the true distnbution of the disease amongst 
persons of various ages and religions and of the tw r o sexes 
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In a total population of 5,143 poisons 389 wcic diagnosed as ltala-azai 
dining the pcnod of investigation This i« a total incidence of 75 64 pci millc 

Thcie was an appaicnt use m the incidence dui mg the second ycai but 
subsequent!} them was a steady fall to the picmnt tune when the disease has 
almost completely di^appcaied 

By making a companion with the state of affans m the adjacent aicas 
consideiable evidence has been pioduccd that this decline m the incidence, if 
not bi ought about, has been at least considciably accelciatcd, by ticatment of 
the infected peisons 

B\ noting the mteival between the time of onset m the pmnaiy and 
secondai} cams in houses whom mom than one case oceuned, it has been shown 
that m about one-thnd of these eases them was a possibility that simultaneous 
infection had oceuned, but that m a big peicentage of instances the intci vemng 
period was about a yeai 

The incidence amongst clnldmn (up to the end of the 12th >eai) is moie 
than double that of the adults We cannot visualize a mode of tiansmi«sion 
which would lendei childien mom exposed to infection than the lest of the 
community, w 7 e must, themfoie, assume that it is a mattei of then gmatci 
susceptibility The gieatest degiee of susceptibility appeals to be exhibited 
m clnldien fiom 8 to 10 yeais old 


The incidence is 80 pel mille amongst men and 71 pei nnlle amongst 
ivomen, this small difference is piobahly leal and is easily explained m the 
light of the observations mgai ding the age incidence m the tw r o sexes Thcic 
is a veiy marked diffeience m the age of gieatest incidence m the two sexes, 
theie being an earliei rise and an eailiei fall in the incidence cuivc by about 
2 yeais m the female This again is almost eeitamly a mattei of eailiei 
development of both susceptibility and of immunity m the female 

Theie is a considerable diffeience in the incidence of the disease m differ- 
ent villages, tluee small villages weie actually entnely fiee fiom infection, in 
otheis the incidence vanecl fiom 2 72 per cent up to 23 65 pei cent of the 
total population 


The peicentage incidence amongst Christians is almost double that 
amongst Hindus In eight out of the nine villages with a puiely Hindu popula- 
tion the incidence is very considerably less than amongst the geneial Hindu 
population 

There is evidence to show that the leishmama infection persisted m the 
skm of a number of the persons treated for visceral infection, the figuies 
indicate that 5 pei cent (of treated patients) show clinical signs of the dermal 
infections and it is suggested that m a larger peicentage the infection exists 
sub-chnically The deimal condition was also seen m two other peisons who 
had not had a diagnosed visceral infection and had received no treatment It 
is put forward as an hypothesis that these persons constituto m ^ 
infection, especially during hypo-endemic periods mCe ° f 
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The population is heavily malaria-infected, and it seems possible that 
this infection plays an important part m the mtiology of kala-azar m the area 
When investigated household by household it was found that the greater 
the numerical stiength of the household the gi eater weie its chances of becoming 
infected, that the smaller the household the gieatei weie the chances of each 
individual member of the household becoming attacked, and that theic was 
some evidence of ‘ residual endemicity ’ 

An investigation of the living conditions m each household, especially with 
legal d to domestic animals, did not bring forth any fact which could not be 
con elated paitially with the obseivation legardmg the gi eater incidence of 
the disease amongst Christians, or with the fact that the disease incidence is 
gieatei amongst persons of lowei economic status 

The incidence of kala-azai in the two boaidmg schools at Kaorapukkui 
was considerably below the average for the whole aiea, although the childien 
were of the most susceptible age The boys’ school, m which no case occuned, 
is m a somewhat isolated situation sunounded by glass playing fields and 
open nee fields, not shut m by thick undergrowth as aie most of the habita- 
tions Cows aie the only animals kept m close proximity to the sleeping 
quaiters, and the buildings aie of brick 

Discussion 

Thiee factois essential foi the piopagation of kala-azai aie — the pumaiy 
source of infection, the tiansnntting agency, and thp susceptible population, the 
transmitting agency is influenced both by the local and by the climatic condi- 
tions The absence of any one factoi would mean that the disease would not 
spread The story of the lecent epidemic of the disease m some parts of 
Assam suggests that there both local and climatic conditions are always suitable 
foi transmission and that the ‘epidemic constitution ’ was bi ought about by 
a tempoiary mciease m the suitability of the climate combined with a depres- 
sion m the lesistance of the population, possibly produced by the influenza 
epidemic, so that wherever infection was introduced in the foim of a case of 
kala-azar epidemic conditions pi evaded, some villages weie infected early and 
weie almost wiped out, some later, when the influence of the climatic factoi 
was on the down giade and the population had recovered somewhat fiom the 
effects of the influenza epidemic and m these the condition was less serious, 
and a few escaped altogethei thiough no cases of the disease being introduced 
In the moie highly infected villages the vicious cncle was broken only by 
exhaustion of the susceptible population and m otlieis by removal of the source 
of infection by treatment of the infected 

In endemic aieas m Bengal, such as the one undei investigation, when 
thcie is a waie of exaceibation of the disease it is more widespiead and le 1 -^ 
catasti opine Moreover it tends to last longer, unless the circle is broken by 
treatment of the infected persons Few villages entirely escape infection but 
none aie wiped out as the villages weie in the seveie Assam epidemics There 
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is no lnstoiy of the inti oduction of a, cn^e into :i village causing an epidemic 
Even m a family when one cti^c occuis the scconclaiy ea^es do not appeal all 
at once, but aie spicad ovci a nunibci of ycaib, ficqucntly oecuirnig at 
lntci vaE of a yeai Undci noimal conditions childien between the ages of 
8 and 10 aie mainly attacked, childien of otliei ages less ficqucntly, and adults 
conipai atively iaich and then possibly only when m a low state of health 
oi when they have been lcndeicd susceptible by sonic specific infection, such 
as malana In special cncumstances when infection m a village becomes vciy 
intense the incidence amongst adults uses, but this docs not occui ficqucntly 

This suggests that the pnmaiy souicc of infection is always pic^cnt, that 
the local conditions aie suitable foi tiansnnssion as aho aie the climatic 
conditions foi some pait of the yeai, and that the population always contains 
a few susceptibles The balance is upset by a tcmpoiaiy mcieasc m suitability 
of the climatic factoi, oi by the loueimg of the gcneial lCMstance of the popu- 
lation by some epidemic disease, and theie is nnnicdiatclv a gcneial exacciba- 
tion of the disease thioughout the whole area The \anntions in the degiee 
of infection in diffeient villages may be due to vanations in the local conditions, 
or may be a mattei of chance, in that the souicc of pinnaiy infection in the 
village happened to be vciy spaise at a time when the otliei factoi s m the 
‘epidemic constitution’ weie at then height 

The factor which limits the extension of the di c case is obviously the 
individual lesistance of the majonty of the population against infection 
Many are exposed to infection, few acquire the infection, and still fewei develop 
the clinical syndrome, kala-azar 

The fact that fiequently in a household a single case of the disease ciops 
up year after yeai led the wntei to wondei how the souice of infection was 
maintained m the absence of a clinical case of the disease and the question of 
an alternative host, mammalian, avian or reptilian, arose 

This point has been investigated by the wntei as well as by otliei woikeis 
with entirely negative lcsults, but our observations regarding the widespread 
occurrence of leishmanial skm lesions have made the altei native-host hypo- 
thesis unnecessaiy These lesions aie veiy clnonic and would be a low-giade 
source of infection for many years The relationship which these cases beai 
to cases of the visceral infection is paiallel to that which caineis bear to the 
clinical types m certain bactenal diseases It seems possible that this condi- 
tion is evidence of an evolutionary move towards symbiosis, in which both the 

host and paiasite population are playing a part, m the areas of well-established 
kala-azai endemicity LU 


If this theory is correct the incidence of skm infections should be a measu.e 
Of the kala-azai endemicity m any particulai area In Bemml tw / 

? «“« areas in India few cases have so faT been e, o Z 

this is unfortunately not evidence that deimal leishmam^w i 1 1 d ’ bufc 

We should not evpect to find th, eond.t,„„ ,n 
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we should expect to find moie cases than have so fai been lepoited m the 
endemic areas in southern India 

The mode oj tiansmission — One of the mam objects of this lnqimj was 
to thiow light on the pioblem of the tiansmission of kala-azai It cannot be 
claimed that the various obseivations lcgaidmg the epidemiology of the disease 
which we have made thiow a spot-light on to the exact method by which 
tiansmission occurs, noi have they pioduced evidence definitely against am of 
the lival theories on the subject, but we can claim that all the obseivations 
can be fitted into the hypothesis that the sandfly P argentvpes is the tian«- 
mittei and some of them add definite suppoit to this hypothesis On the 
othei hand some of the obseivations also fit in equally well with the tlieoiv 
that transmission occuis by excretal contamination The wntei pioposes not 
to expatiate at any gieat length on this subject, but to give summanly Ins 
intei pretation of the obseivations 

The piedommance amongst Chustians might be due to the fact that 
pei sons of this class eat ceitam foods which the Hindus do not On the othei 
hand, the environment amongst which Chustians live is much moie suitable 
foi sandflies than that amongst which Hindus live The keeping of ducks and 
fowls m the compound, 01 even moie so m the living 100m, is liable to fostci 
a geneial msamtaiy state of affairs which would encouiage flies and othei insects 
likely to cause infection of food, at the same time such conditions, we have 
lepeatedly shown, will encouiage the bieedmg of sandflies The same lemaik 
applies to the obseivation legal ding the higliei incidence amongst peisons of a 
lowei economic status 

The obseivation icgardmg the long intei val between the times of onset m 
cases occuiimg in the same house and ceitam othei obseivations seem to point, 
as we have aheacly suggested, to the existence of a camci state If oui con- 
ception of this state is the correct one it is difficult to see how infection could 
be tiansmitted except by the aid of a biting insect, wheieas we have shown 
expei imentally that the sandfly (P ai gentvpes) can become infected aftei feeding 
on a patient with the common foim of deimal lesions, the depigmented patches 

The lowei incidence amongst peisons living in largei households might be 
used as an aigument in favoui of insect tiansmission, as it i« an obseivation 
which has been made legal ding malaiial tiansmission, but it is against dncct 
contagion and could scarcely be used m favoui of the contaminative theory 

The absence of the disease fiom the boys’ school is distinctly a point m 
favoui of the «andfly tlieoiy This school is situated m an open space, the 100m 
m which the boys sleep is high and any, and some little ivaj fiom any possible 
sandfly bleeding ground (Sandflies have not been found in the adjacent cow- 
shed J He doubt gieat caie is taken over the piepaiation of the food, but 
ve see no ica=on why food piepaied by seivants and supplied to boys should 
be fieer fiom contamination than that piepaied by a housewife foi hei family 

The suggestions that tieatment lias checked the disease in the aiea and 
that the peisons suffering from dermal lesions, who aie frequently peisons who 
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have lccened ticatmcnt, act ns 'camcis’ aic not nccessanly mutually exclu- 
sive, kala-azai patients aic piobabh a much nchei soiucc of infection and 
then lcmoval dining a pcnod when othci factoi* wcic unfaiouiablc would 
natuullv check the epidemic extension of the di^ea^e 
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The figuics i elating to the whole aica given m the aoeompammg table 
have been subjected to statistical analxM'- In 1111 s - table the mu 1011 s - hou'-ohold" 
aie classified accoiding to the niunbci of then inhabitant", and ako acooidmg 
to the numbei of those who contracted kala-azai Thus m each eoinjvutnicnt 
is entered a numbei v(n, x), which denotes the numbei of household*- cam- 
pnsing n persons of whom x weic infected 

As a first step it seemed adusnbie to detcinnnc roughh wlictlici persons 
resident m laige households w r eie moie, 01 less, liable to infection than those 
lesident in small households If 011c aibitauh gioups the houses in the sots 
‘less than seven , 5 and ‘ seven 01 moie , 5 the figuics aie 



Numbei 

of pet 'Oils 111 

Iiou-eliohk of 


Less ilmn 7 

7 0 ) moie 

Pei sons uninfected 

2,017 

2,059 

<1,070 

„ infected 

192 

195 

3S7 


2,209 

2,854 

5,063 


wdience = 6 1, and P = 0 013 That is to say if the chance of an 
individual becoming infected was independent of the size of the household of 
which he was a member, a result equally 01 moie widely diveigent would be 
expected to occur 13 times m 1,000 trials Thus the condition between 
nfectedness and size of household is probably significant and it is to be noted 

( 343 ) 
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that the deviation is m the negative sense, that is to say the number of 
infections m laige households is deficient, 01 m othei woids an individual who 
lesides m a laigei household would appear to be safer fi om the nsks of infec- 
tion than an individual who lesides in a smallei one 

Let us now examine whethei a coil elation exists between (a) the chance 
of a household becoming infected and (b) the numbei of its members The 
figures aie as follows — 


Numbei of households of 



Less than 7 

7 oi more 


Uninfected households 

398 

177 

575 

Infected households 

113 

135 

248 


511 

312 

823 


whence x 2 = 41 17 and P is less than 1 m 10 million 

A highly significant conelation thus exists, and in this case m the positive 
sense In othei woids the laiger the household the gieatei is the chance of an 
infection occumng within it 

The analysis may be fmthei extended by considenng how the chance of 
individuals who aie members of an infected household vane« noth the size of 
the household The figuies aie as follows — 



Numbei of 

Less than 

poisons in infected 
members are 

7 7 oi more 

households whose 

Persons uninfected 

627 

1,143 

1,770 

„ infected 

192 

195 

387 


819 

1,338 

2,157 


whence x 2 = 27 35, and P is of the oi der of 3 m 10 million The correlation 
is highly significant, and is in this case in a negative sense 

So far then the figures suggest — 

(1) that the chance of a household becoming infected increases with the 

number of its inhabitants, 

(2) that the chance that an individual who lives m a largei household 

will contract infection is probably less than that of an individual 

who lives m a smaller one, and 

(3) that the chance of contracting infection in a household where infection 

has been present, is less in largei households than m smaller one= 

These conclusions aie difficult to mteipiet, but aie sufficiently definite to 
demand closei sciutmy 

li / (n, x) dt denotes the chance that a household comprising n 
membeis, of whom ^ haie been infected , will leceive a fuither infection 
during the time dl then the variation of v (n x ) , i e , dv{n,x ) will be 
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equal to the numbci of house*? which me pioraotcd fiom the class ( n , x — 1), 
that is x— l)v(n,v— l)dl less the numbci, which by lcccivmg a fuithei 

infection aie piomotcd out of the class (n, i), ic , f (ti, x) v (n, r)dl Thus we 
dv (?!, x) 


have — 


dl 

N 


a— 1) v{v, i — l) — f{n,%) v(n,%) 


Foi % = 0 this gives the solution 


log 


v (n, 0) 


=/ (a 0) t, (the log is to base e), 


0 ) 


( 2 ) 


whence v (v, 0) =A T ?j c 


/ ( ?! > 0) wheic N . is the number of households with ?? 


inhabitants 

By the usual methods of chaitmg it appealed that an appaienth hneai 

N 

i elation existed between log log —j— - and log n, of the foim 


N 


log log 


!?(?), 0 ) 


v (??, 0) 

= u-|- 4log n, wheie u is 


independent of n 


N 


Thus log 


n 


v (n, 0) 


— a V 


n 


Compaung this with equation (2) it is cleai that f(n,0)l = aVn, wlieie 
a is necessanly of the foim It, k being a constant independent of t, n and x 
As howevei the obseivations lefei to a paiticulai time, so that t is a constant 
we need only use the a values, and do not have to investigate the k and t 
factois sepai ately The value of the contant u was obtained by the method 
of least squares, and fiom it o was found to be 0 1574 From this it follows 

bll£lb 


v (n, 0 ) = N e 

Kb 


- 0 1574 Vn 


whern N n is given, and the only aibitiaiy constant is the numbei 0 1574 

The calculated and observed values of v (n, 0) me given in the fust 
two rows of the adjoining table In oidei to apply the test to these ions 
we must also take into account the calculated and obseived values ,pf„ 
o infected houses, and calculate *• from the 50 group ' „ „ 

the 25 given in the table It ,s a table of two lows and 25 el,!? T /‘° m 

of the columns being given, and one aibitiaiy constant he, ns > the totals 
tile calculated frequencies foi n gieater than 19 were small thffiT ™ d , As 
to houses with more than 19 occupants were giouped W Lf T “ “‘l” 6 
of columns being consequently leduced to 20 Tims the n ' U ' mbei 

Of fieedom is virtually 2(20)— 20— 1— IQ oi™ 2 , numbei of degiees 

20 74, hence P = 0 394 ’ als ° * on calculation is equal to 
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As the agreement between the actual and calculated numbers of uninfected 
households was so close, it was determined at this point to calculate the whole 
table of values v (n, x) on the assumption that no other factors entered m 

The geneial solution of equation (1) is known If the cases of disease 
m the households all existed simultaneously it is clem that f(n,x) — C (n~ x) 

wheie 0 ^ is independent of x, as, when theie me ^ cases m the house, onlj 

the n — x unaffected individuals will be liable to infection 

Thus f(n,0)C^n 

It has however aheady- been shown that / (??, 0)1 = JdVn, 

whence C n ^~ , and with this value foi / (?? x) the solution of equation (1) 
vn 


is v ( n , x)=N n e a ^ n n(n— 1) (n— jc+l) ( e a 

x 1 


1)*, wheie, as before, 


a~kt, and has the value 0 1574 

The values of v(n, x) as calculated by this formula, and the observed 
values aie given m the adjoining table The value of P for the numbers 
of houses m which one case had occuned (i = 1) was 0 03 and foi r = 2, 
P was 0 01 Thus the fit becomes less satisfactory as x increases It is 
to be noted that for x = 1 the calculated figures are m geneial too gieat, 
whilst foi x = 2, x — 3, etc , they tend to be much too small There is 
consequently evidence that with each previous infection, the chance of the 
next infection is gieatei than that allowed foi by the above theory 


The above calculations have been made on the assumption that all the 
cases of the disease obseived, existed at the time of observation It is possible, 
however, that the figuies may refei to a penod of yeais, and that some of the 
cases might have been lemoved by death or recovery before some oi all of the 
others developed Taking the extieme case wheie only one infected person 
was piesent m the house at any particulai period, so that one could assume 
that, approximated, the number n of the inhabitants of the house is the 
number of persons liable to infection, the appiopriate value of / (n, x) 
will be independent of a and theiefore equal to l V n The solution will then 


— a' n 

be given bj v (n, x) — N e 


(a^n) x 
x 1 


where a = k t = 0 1574, as found 


above The values of v («, x) calculated from this foimula deviate onl} 
slightly fiom the calculated values of v (n, x) given in the table, and the 
following values of P me obtained For the rows x = 0, P = 0 394 a^ before, 
for x = 1, P = 0 05, for r = 2, P = 0 17 and for x — 3, P = 0 00001 The 
agreement is of the same order when these two extreme assumptions are made 
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It, is cleai thciefoic that undci any mtci mediate cn cumslances the conclusions 
deduced fiom the above calculations will be valid 

We have shown above that 1 f we assume that /(«, 0) = l Vn, the calcu- 
lated fiequencies agiec closely with the obsened It is of mteicst to compute 
the lesults with those obtained if we assume that /(a, 0) is piopoitional to n 
The best value of k s t as found by the method of lca<T squaics was 0 5887, 
the conespondmg values of v («, 0) aie as follows — 


Calculated 

Obsoi ved 


C ilculaled 

Ob=ei ved 

n = 1 

1GM 

15 

7! = 14 

3'1 

5 

71 = 2 

57*S 

63 

71 = 15 

1G 

2 

71 = 3 

02 2 

81 

77 = 1G 

OS 

2 

71 = 4 

91*S 

SS 

71 = 17 

22 

4 

71 = 5 

94 G 

90 

71 = IS 

10 

3 

71 = 0 

74 5 

71 

71 = 19 

1G 

1 

n — 7 

5S-3 

50 

71 = 20 

0*3 

1 

n = 8 

3l*S 

32 

71 = 21 

08 

2 

71 = 9 

218 

23 

71 = 22 

0-5 

2 

71 = 10 

14 4 

16 

71 = 2S 

0-2 

1 

7! = 11 

S-9 

10 

71 = 31 

0-2 

0 

CM 

II 

£ 

84 

10 

7i = S9 

0*01 

0 

71 = 13 

47 

4 




whence y 2 = 30 9, 

and P 

= 0 012 





An equal or greatei disci epancy between the obseived and the calculated results 
would be expected to occur only 12 times in 1,000 

This new law is also unsatisfactoiy m as fai as the deviations show a 
definite regularity, being positive foi low values of n, giadually deci easing 
and becoming negative foi values of n gieatei than 6 It appeals howevci, 
that considerable deviations fiom the exact Vn law would be consistent with 
the observed frequencies, but the most natuial expectation, namely’- that 
f{n o) was piopoitional to n, seems to be inconsistent with the obseived 
figures 


It is clear that whatever is the piecise natuie of the law theie is evidence 
of mtra house infection, because the deviations of the lnghei values of ^ shown 
m the accompanying table will be piesent on any assumption which excludes 
mtra house infection In fact, if foi example in n ~ 5 or n = 6, we attempt 
to apply to the figures m the appropriate columns an equation of the type (1) 
when f(n, x) is eithei independent of x, or of the form G (n-x ) , the agi ce- 
ment will be unsatisfactory even although the best fitting values of the constants 
are taken and m the sense that the calculated results for the laigei values 
o -c aie too low This would seem to indicate that m the infected houses 
mtia house infection takes place This would be consistent with the sandfly 

tiT d of tlK but "» ■» ~ 
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Discussion 

It appears fiom the above that the chance of a household becoming infected 
mci eases with the numbei of individuals m it, and that the obseived figures, 
when compaied with those obtained on the assumption that the chance is 
proportional to the squaie root of the numbei of occupants, aie of the magni- 
tude to be expected as the lesult of random sampling and aie therefoie con- 
sistent with this view Thus although it appeals undesnable to insist on the 
exact validity of the squaie root law, it is of interest to enqune undei what 
conditions lesults, at least appioximatelv consistent with it, might be bi ought 
about 

Fust of all on the assumption that the disease is tiansmitted by clnect 
contact, it is cleai that theie must be some limit to the possible numbei of 
contacts m a given tune between uninfected and infected, m the sense that an 
infinite number of contacts would be impossible Thus to take an extreme 
case, an individual lesidmg m a household compnsmg a veiy laige numbei 
of membeis, might leasonably spend most, if not all, of Ins time m intei course 
with the othei membeis of Ins own household, and so the household would be 
unlikely to become infected Thus generally one would expect that the chance 
of the pumaiy infection of a household comprising n inhabitants would be 
less than kn, and the actual 1 elation might appioximate numencally to the 
square loot formula, although m all probability it would not be algebraically 
identical with it 

A possible explanation of anothei natuie suggests itself Consider the 
analogous case of two sphencal balloons of diffeient radii each containing a 
gas A at the same pressuie, and both suspended m an atmospheie of another 
gas B Let the envelopes be peimeable to the gas B but impel meable to the 
gas A Then the chance that a molecule of gas B will enter a balloon is 
initially piopoitional to its surface area, and as the number of molecules in 
the balloons is piopoitional to their lespective volumes, the chance of pene- 

tration by a molecule of gas B would be piopoitional to n 3 wheie n is tnc 
numbei of molecules contained 

Considei now the case of two tubulai contameis with impel meable ends 
The suiface aiea is m this case equal to the length of the cylinder multiplied 
by the perimetei of the cios 5 * section, and the numbei of molecules contained 
is piopoitional to the length multiplied by the cioss sectional aiea Hence 
in this case the chance of penetiation is propoitional to i n Oi to geneiali/c, 
the chances of penetration of simihai stiuctuies, impel meable at top and 
bottom, whose volumes aie equal to length multiplied by' cioss section are 
proportional to the squaie loot of the number of molecules which they contain 

The parallel picture is that of a number of one storey houses of equal 
height, but otherwise similar m shape, and of such an aiea that each inhabitant 
is allowed a definite amount of floorage, as is the custom m hospitals and like 
institutions The walls aie peif orated by windows and doors, the number o 
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these being piopoitional to the perimeter If infection comes fiom without 
through the windows and doois, and in a landom mannei, then the chance that 
an infection will occui would be piopoitional to the penmetei, which m the 
conditions assumed, is piopoitional to the squaie loot of the number of* 
inhabitants 

It is evident that these conditions would be satisfied by the assumption 
of an insect vector moving at landom m the neighboui hood, and enteimg 
through windows 01 otliei appei tines m the walls The necessary conditions 
are cleaily many, and one would not imagine that they would be strictly 
fulfilled The houses m the distnct fiom which the obseivations weie collected 
might be snnilai m plan — we do not know That the area of the plan of the 
house would vaiy chieetly with the numbei of its inhabitants would ceitamly 
not be tiue of European residences, though a closer appi oximation might 
possibly be expected m India The numbei of windows might vaiy with the 
penmetei of the house, but piobably not m a strict sense Again it has been 
assumed that the membeis of a household conti act infection within then own 
houses If the sandfly bites only at night, as we have been told is the case, 
then this condition would geneially be satisfied In the absence of definite 
knowledge of local conditions it is impossible to say whethei these assumptions 
aie even approximately satisfied All that can be said with definiteness, with 
legal d to the V n relation is that it is not inconsistent with the assumption of 
transmission by the sandfly 

Summaki 

It has been shown that the chance of a household becoming infected 
increases with the number of its inhabitants, and that the chance that an 
individual who lesides in a laiger household wall contract infection, is piobably 
less than that of an individual who lesides m a smaller one 

Calculations have been made with the object of obtaining a quantitatne 
lelationslnp between the chance of infection of an individual living m an un- 
infected household, and the size of household m which he is living The figures 

1 

agiee well with the assumption that the chance is piopoitional to v~Ti, 
so that the chance of an uninfected house becoming infected is piopoitional 
to the square loot of the numbei of its inhabitants Although too much 
emphasis should not be laid upon the exact accuiacy of the 'J n lelationslnp, 
the fact that it appeals is very intei estmg, and should be fuithei investigated 
It appears to be consistent with the view that kala-azai is ti a remitted by the 
sandfly, although the hypothesis sketched out as to its possible ongin will 
lequire criticism m the light of local knowledge 

The numbers of eases m which seveial infections occui m the same 'house 
appeal to be too great to be explained without the assumption of mtia house 
infection, an assumption which is consistent with the view of ti ansrnission by 
{lie sandfly as well as with that of ti ansrnission by direct contagion occui ring 
within the household 
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The fact that L donovani m its flagellate foim has been pioved capable 
of pioducmg infection by the oral loute ncccs-miily suggested the advisability 
of investigating the, possibilities of this method of tian«mi«ion So fai as we 
"know, the flagellate form nonnallv onlv occins in natuic m the insect host 
P o igentipes and this led to the necessity of detci mining vhethei these insects 
weie capable, by means of then contained flagellates, of pioducmg infection 
by the oral loute 

Theie aie many ways m which such tiansmission might be effected, eg, 
by infected flies dropping into watei oi food, being ciushed by the hand m 
the act of biting, the contained flagellates being then accidentally transfen ed 
to the mouth, or by the flies feeding and being killed neai the mouth In any 
case the tiansfeience of flagellates to the mouth, however effected, would lead 
to the possibility of tiansmission of kala-azai by this means 

In older to test this hypothesis the following expenment was earned 


out — 

Expenment 

In oidei to obtain a laige percentage of infected flies at a time of yeai 
when infections by natural feeding are lowest, l e , m the wmtei months, 
numbers of P aigentvpes were artificially fed, come with cultuics of L donovani 
and some with spleen and livei emulsions of hamsteis oi mice infected with 
kala-azai The method of feeding is descubed m anothei account to be 
published latei and need not lieie be specified * 

The flies weie only fed once aitificially but weie allowed to take then 

second and subsequent feeds, when these weie taken, natuially on a rabbit 

The flies m all cases weie kept as long as possible m ordei to obtain the 

heaviest infection Each individual fly was dissected and all positive flies 

weie used m the experiment The infective material therefore was a 1 
of flies, all infected, but some of which had had m™ r a , R mix iuc 
remainder of which had had a total of two to five feeds ^ ^ 7 ^ ^ 

( 351 ) 
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This matenal was giound up with a small quantity of citiated noimtil 
salt solution (Sod chloi 0 85 pei cent, Sod cit 1 5 pei cent) and administered 
pe? os to Chinese liamsteis by means of a pipette which was not allowed to 
touch the hamstei 

The details and results of the experiment aie given below in tabular 
foim — ~ 


Animal 

Infective 

material 

Total num- 
ber of flies 
used 

Number of 
adminis- 
trations 

Method of 
adminis- 
tration 

Duration of 
experiment 

Result 

Hamstei 

ATI 

« 

P ai genhpes 
artificially fed 
on cultures 
of L dono- 
vam * 

23 

11 

j 

Oral 

1 

217 days 

Nega- 

tive 

ft 

AT2 

Do 

15 

7 

Do 

195 , 

Do 

it 

AT3 

P argentipes 
artificially fed 
on liver and 
spleen emul- 
sions contain- 
ing L dono- 
vam 

39 

21 

Do 

192 „ 

Posi- 

tive 

ft 

AT4 

Do 

46 

15 

Do 

176 „ 

Nega- 

tive 

if 

AT5 

P argentipes 
artificially fed 
on cultures 
of L dono- 
vam 

13 

8 

Do 

178 „ 

Do 


It should be noted that column 6 lepiesents the time between the fiist 
administration of flies per os and the termination of the experiment by po=t- 
mortem of the animal Actually an average penod of over foui months 
intervened between the last administration of flies and the date of post-moitem 
The infected hamstei showed no enlargement of the spleen and the infection 
was detected by culture of splenic material in NNN medium 

We do not think too much importance should be attached to the fact that 
the infection occurred m one of the hamsters fed On flies infected from emulsions 
as flagellation m P argentipes is usually completed by the third day 


Conclusions 

Out of two Chinese hamsters fed on P argentipes artificially infected by 
feeding on emulsions of liver and spleen from kala-azar infected animals one 
became infected noth kala-azar 

Out of tluee Chinese hamsters fed on P argentipes artificially infected 
by feeding on cultures of L donovam none became infected 
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There lias recently been published a most valuable Memov , Studies m the 
Parasitology of Malaria, Indian Medical Reseal ch Memon No 18, by Lieut -Colonel 
R Knowles, i m s , R Senior White and B M Das Gupta, the autliois of which are 
to be congratulated on a valuable and comprehensive work But I should like to 
be allowed to criticize one small part — their calculation on pages 213 — 215 of the 
c normal 5 prevalence of the three species of parasites — of what I term the c expecta- 
tion of relative prevalence, for owing to considering the relative gametocyte pro- 
duction rates for only the first cycle, I think that an erroneous conclusion was 
reached as to the expectation of relative prevalence, which m due course affected 
the judgment as to the prevalence of quartan malaria that vas based on it 

If we judge from the schizogony cycle alone and if further we assume that all 
individuals, sexual and asexual, are perfectly viable, then the scales are weighted fai 
more heavily against P malancc than shown by the percentages calculated rn the 
Memon — 18 for P malarlce, 39 3 for P vivax and 42 7 for P falciparum In order 
to prevent misconception I may say that this assumption of perfect viabilitv is 
made only for the sale of aigmnent to see the effect of the other factor alone ' As 
will be seen o’ur final conclusion is that such viability is not only unlikely but is 
probably very different indeed for the tlnee species 

For any one species let x=the number: of schizogony cycles, 

” 5 » y~the number of final asexual forms produced at 

each segmentation, 

” ” ” z=the^number of final sexual forms at each seg- 

mentation 

( 353 ) 
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Tlien we can calculate the number of asexual and sexual forms produced at 
each division as follows — 


Cycles 

Number of asexual forms 
after each division 

Number of gametocytes 
produced by the last 
division 

0 

1 


1 

y 

z 

2 

y 2 

z 

y 


X 

\-i 

X 

y 

y z 


So after x cycles the total number of gametocytes that would exist vn the 
absence of the destruction of either sexual o) asexual forms would be — 

Z (l+Y+Y 2 -frY 3 Y'" 1 ) 

It is obvious that differences in the final value of this expression for the three 
species of parasites depends far more on the value of y and x than on the value of z 
We shall more readily see this if we substitute the valiles that can be found from 
the figures given on page 214 of the Memoir For the period of time we will tahe 
n days and suppose n to be a multiple both of 2 and of 3 so that we are dealing 
only with complete cycles Accepting the figures in the Memoir for the average 
number of merozoites arid the proportion of sexual forms, then 

For P malance x = -g-, Y— — — 5 54, Z = = 3 46 

For P vivax x=n, Y = g^ X 17 = 12 14, Z = x 17=4 86 

For P falciparum x = n, Y = X 22 = 16 63, Z = X 22 = 5 37 


As I need hardly say y has been calculated as the product of the average 
number of merozoites with the proportion of asexual forms to the total, and 
similarly Z for the sexual forms Thus the total gametocytes at the end of 


For P malance 

3 46 <j 

1 + 5 54 + (5 54) 2 

n . 1 

( 5 54) T — 1 j 

For P vivax 

4 86 | 

| 1 + 12 14 + (12 14) 2 

(12 14) f-l} 

For P falciparum 

5 37 ■ 

| 1 16 63 + (16 63) 2 

(16 63) j- 1 } 


If we wish to get a more easily realizable idea of the immense differences 
in the values of the first expression as compared with the other two, let us 
consider only the largest terms m each — the last, and let us take a definite period 
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of say 24 days fiom tlie hist sporozoite infection as representing a low average 
period of infection m man 

Then the values of the last to ms will he as follows — 

For P' malaria (h 5)' X 35 

For P vtvctx (121)" X 49 

For P falciptmon (1G 6) 11 X 54 

For those who are not satisfied with this general pictuie I have worked out 
the ratios of the approximate values of the complete expressions foi the total 
mimhei of gametocytes after 24 days under the conditions assumed 
Ratios of nurnbei of gametocytes — 

P malaiice 1 °i 1/6 G millions 

P vivctx G G millions 1 

P falcipanm 227 3 millions 34 

These and similar figures for other periods are of no pcnhculm use m further 
calculations, foi it must be rctaicmbcicd that such figures only give us the relative 
chances of propagation of the three species in the fust lonvd Thus if we suppose 
that the riumbers of gametocytes produced in a given period of n days by the three 
species all starting level are in the ratio of 1 100 1,000 for P malaucv, 

P wuazand P faloipantm and if we suppose that the number of infections 
produced after the required interval, sav m days, by mosquitoes at the end of the 
first round will be m this same ratio of 1 100 ! 1,000, then in the next loilnd, 

since the same factors will operate m each case the same way as m the first n da) s, 
after another period of n days (n+rufi-n days after the start) the total gametocytes 
will be m the ratio of (l) 2 (100) 2 (1,000) 2 , l e , 1 10,000 1,000,000, winch 

represents the ratio of the chances of the propagation of the tlnee species m 
the second round 

Further calculation is not needed for us to see that if the only factors affecting 
the relative prevalence of the three kinds of malaria were differences in the time of 
the schizogony cycle of each species, and differences m the gametocyte output, 
then P malance has only the shadow of a chance and P vivax only a small chance 
of propagation compared with P falciparum, and that the chief reason for this is 
the larger value for x, the number of segmentations m a given penod, m the 
case of the last two and the large value fory, the asexual form output at each 
segmentation, m the case of P falciparum It is these, and not the proportion of 
sexual forms at each segmentation, that have the most force m determining the 
final great difference in gametocytes 

In the Memoir the first cycle alone was considered and the conclusion was 
reached that the prevalence' of the quartan form was generally less than what one 
would expect from a consideration of the effect of these two factors only I thmh 
I have sufficiently demonstrated that if more cycles and more man mosqmto 
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‘ rounds ’ be considered the reverse is the case— that the prevalence of quartan is 
inconceivably greater than one can expect from these two factors alone 

The odds against P malaHce are weighted so heavily, that, seeing that these 
odds do not correspond to the facts of prevalence, we must conclude that other factors 
ar e at work Chief of these I should imagine would be differences m the viability of 
the asexual forms of the three species after each segmentation, because of differences 
in their immunity to man’s defensive reactions It looks as if there is something 
very different m the general make up of the quartan parasites compared with the 
other two species The difficulty of curing quartan malaria points m the same 
direction However this is not my subject What the other factors concerned 
may be I leave to malanologists My excuse for this note is that it demonstrates 
that in addition to the factor of great differences in gametocytes production there 
must be some other more impor tant factor or factors to explain the facts of species 
pr evalence 
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Introduction. 

The Indian Research Fund Association kindly financed this survey of the 
rat-fleas of the Madras Presidency The survey started in September 1928 and 
ended m April 1930 It has been conducted by one or the other of us two at differ- 
ent tunes with the assistance of the following officers who were responsible for the 
field work — 

(1) P V George, ba.lms, b s sc , who has worked throughout the whole 

inquiry 

(2) N Natarajan, mb, b s , b s sc 

(3) D S Mankikar, mb, bs 

(4) Jemedar F Jesudasan, imd 

(5) P Y Seetharama Iyer, m a , Zoologist at the King Institute, Gmndy 

Thirteen reports(l) embodying about thirty local survev, i , , \ 

as mentioned m the reference list which should be consulted wh ^ ^ 
surveys are referred to Maps 2 and 13 ib i ct when individual 

•» . to that were surveyed 

named but also neighbouring villages and smaller towns ThZ " “f“ ’ S 

( 357 ) ns lhese areas were chosen 
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to be as representative as possible of the Presidency The only part of the Presi 
dency not surveyed is the Vizagapatam Hill Tract, which was not touched for lack 
of time, but, since it is essentially different in many ways from the rest of the 
Presidency, its non-mclusion does not affect the summary The large Indian State 
of Mysore was not surveyed, but care was taken to include a few places that, though 
they were politically not m Mysore, yet formed part of the same plateau area 
Later on we intend to survey a few places m Mysore, Travancore, Coorg and the 
Vizagapatam Hill Tract and so complete a survey of South India 

The exact methods used, details of baits, etc , are given m the individual leports 
particularly m the first Each local survey lasted about three or four weeks 
For the sake of better understanding this summary, we shall begin by a brief 
description of the geography of South India and then go on to give details of our 
results and of the conclusions drawn therefrom 

Geography. 

Map 1 shows the mam physical featuies of Peninsular India From west to 
east we have first the narrow lowlymg West Coast plain, next a range of hills, the 
Western Ghauts, running almost continuously from north to south parallel to the 
coast They reach their greatest height, 8,500 feet, m the Nilgiri Hills m the south 
Next comes a wide plateau from 3,000 to JL, 500 feet high sloping gently to the east 
and south-east In places this plateau ends abruptly as a step or ghaut These 
edges with outlying groups of hills foim the next feature, the broken chain of the 
Eastern Ghauts which are at their highest, about 5,000 feet, m the Shevarov Hills 
m the south and m the Vizagapatam Hill Tract in the north In several places, as 
along the great rivers, the continental plateau does not end abruptly, but slopes 
gently eastwards and merges into the East Coast plain 'While this plain runs the 
whole length of the Presidency it is wide only at the deltas of the great rivers, 
particularly of the Pennar in the centre and of the Cauvery m the south 

These physical features have an important bearing on climate, for, although 
it is true that m South India as elsewhere latitude and altitude play their part, 
particularly m the first half of the year from the cold weather months of January 
and February to the hot weather months of April and May, yet it is mainly the 
position of an area with regard to the geographical features mentioned that deter- 
mines the climate for the second half of the year — June to December For, it is 
the geographical position that determines the amount of rain that will be received 
from one or other or both of the two monsoons that blow during this time, and so 
determines both the temperature and humidity at these seasons 

The South-West Monsoon blows strongly from June to September and affects 
the whole of India But while the West Coast gets enough ram to give it 
particularly a second cold weather, the East Coast plain and the more eastern parts 
of the plateau get comparatively little lam and remain suffering from the heat 
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Tins is largely because tlic Western Ghauts and the continental plateau rob the 
South-West Monsoon o£ most of its ram before it reaches the East Coa 

Map X 


Bombay 


f ect 



Jse* 



C Com ® r c 

n » 


The effect of geographical position m determining local climate and so affecting 
factors influencing the seventy of plague is well seen in the Chart that gives the 
seasonal curves for plague mortality m the districts most affected by plague(2) 
Plague increases with the onset of the South-West Monsoon in June and July and 
the curve then either ascends to an early peak m October— a South-West Monsoon 
peak, as in Bellary which is the most western of the mam plateau districts, or goes 
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on using to a latei peak in January, a North-East Monsoon peak, m the more 
southern and eastern distucts like Coimbatore, Salem, Noith Aicot and Madura 
Anantapur, a plateau distnct east of Bellaiy, shows both peaks, the Nilgais slion 
the first rise which is maintained as a plateau until January South Kanara m 
the West Coast shows a South-West Monsoon rise and then a cold weather rise from 
Januaiy to March — it does not get the Noith-East Monsoon The ciuve for the 

C II APT 


3>«twct Avmam IVaouc I>CA7H R»ies. ? c r. looo [hot-iqis] 

I 



Presidency as a whole, which is labelled ‘ Madras ’ and which is on a scale ten 
times smaller than the others, shows that the rise due to the first monsoon is 
increased by the second or mam monsoon 

Rodents. 

Of the 17,246 rodents caught as many as 16,607 weie R lallus and only 204, or 
about l-60th of the whole, rvere R noncgicm, the rest were a few bandicoots 
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(Bandicoot a imhca and malbmica), musk mis (Pachyma ceniha), mice (Mvs 
ditbws), geibilles (qcibiUe iatcia cwvun) and the lat Gimontys lol 

Baltns uittus — Bcioids of flic e\ act vaucty wcic unfoi innately not Kept m 
evciy individual survey , but m those that wcic kepi which affect Hd of ihc 
total catch, ihc brown-bellied v.u let y definitel)' piepondeiaied foiming as much 
as SS pel cent This picpondeiance was genci.il and quite iricspcctivc of 
locality, but it was noticed that when ‘ field iats,’ i e , lats caught in fields on 
tbe outskuts of towns and ullages, weie R uiilus, they wmic always of the 
wdiite-bellied vanety So it, looks as if the white-bellied w'cic the wild and the 
brown-bellied the domestic vaiieU In the Madras Ilaiboui area (and m no 
othei situation) a few r iats wei e obtained whose vential as well as doisal 
fur w r as jet black, some otheis hcie had a lust icd doisal fui with a lighter 
red a ential fui The flea indices heie and m the lepoits published all rcfei 
only to R lallus, and m this paper, unless otbciwisc specified, the tenn ‘ lat ’ 
alwavs lefeis to Raltus i alius 

Railus nonegicus — These wcic found mainly at Bczwada a towm at the head 
of the canals of the Kistna delta A few r w’erc also found at Tanjoie wducli is at 
the head of the Cauvery delta, at Berhampore and at the poits of Calicut and Cochin 
So this species is of no importance m South India The average flea index. w r as 6 8, 
as compared with 4 9 for R i at tvs 

Bandicoots — These w^ere common not only m fields but also neai houses, only a 
few were caught as the traps w r ere rathei too small foi them 

Gunomys lol — This was found only m the Nilgins wdieie it is the common 
field rat and where it also freely invades houses It seldom entered traps Break- 
back traps were found more suitable 

Rat density — This varied greatly, from as low as 5 m Ootacamund to 
145 m Tirumalai, but as seen from Table I, column 3, it was usually between 
20 and 70 

These figures were affected not only by real differences in density, but 
also by differences in the habits of rats, thus, it was noted that, though plentiful, 
they were difficult to catch at Yercaud m the Shevaroy Hills and in Ootacamund 
m the Nilgiri Hills As usual, the rat density was highei in Bazaar areas 
than in other parts of a town The highest figure was 188 m Nclloie bazaar, 
a gram traffic centre There is no apparent association of density with season 

but this may be due to small seasonal differences being marked by great local 
differences fo 


Rat i eplemshment mte -This is given m Table I, column 4, for those places m 
which the requisite data were noted The replenishment rate(3) is the figure 
obtained by multiplying the percentage of pregnant females to total rats by the 

average number of fetuses and dividing by 16 wducli is the number of days premfanev 
in rats is visible to the naked eye k rc s nanc 0 
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Rat movement — Evidence that the movement of rats is usually rather restricted, 
as has been reported by other observers, was given m the reports for Bellary 
Cantonment, Harpanahalli, Nellore, Tuticonn and other places which showed liow 

Table I 


Gross data for rats (Rattus rattus) and fleas m the areas surveyed 


Area 

Month of 
survey 

Total 

rats 

Bat 

density 

Rat 

replenish- 

ment 

rate 

Total 

fleas 

Specific flea indices 

WHOLE AREA 

c 

09 

« 

N 

»-» 

W 

E 2 

•o s 

E 

tu 

CO 

l 

C 

K 

Mangalore 

March 

402 

35 


2 051 

1 3 

1 1 

3 3 

Calicut * 

February 

480 

24 

■Ir 

2,792 

1 5 

04 

35 

Coohm * 

| 

| January j 

169 

21 

1 

413 

1 7 

04 


Harpanahalli 

December 

881 

77 


5,591 

04 

02 

57 

Hospet 

December 

47G 

43 | 


3,090 

1 5 

1 

50 

Bellary 

October 

S69 

51 


5,287 

3 1 

i 

29 

Guntahal 

January 

330 

45 


1,365 

28 


14 

Proddattur 

October 

129 

20 

5 4 

661 

5 1 



Cuddapah 

September 

481 

53 

6 1 

1,955 

4 1 



Nellore 

April 

1,047 

128 

50 

3,398 

2 7 


08 

Hosur * 

September 

^ 375 

32 

24 

5 407 

1 5 

87 

41 

Madanapalh 

November 

138 

49 

11 3 

1,395 

33 


67 

Tirupafctur * 

April 

141 



298 

06 


18 

Chittcor 

October 

330 

57 

10 7 

1,537 

37 


09 

Vellore 

April 

116 

!! 

36 

i 

52 

542 

3 1 


11 

Tirupati 

May 

33S 

82 


1,167 

35 



Madras T 

July 

1,025 

30 

5 3 

2,766 

2 55 


0 15 

„ H 

December 

353 

! 

35 

4 2 

2,448 

6 1 


! 07 


* Rafc epizootic at the time of survey 
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Area 

Month ot 
sun cy 

Total 

rats 

Rat 

dcnsitj’ 

Rat 

replenish 

ment 

rate 

Total 

fleas 

Smcn ic 1 1 1 a iMiicrs 

\\ HOLl All! A 

e 

M 

I 

n 

2 » 
o r 

d 

CO 

1* 

w 

Coimbatoro 

Januarj’ 

331 

31 

5 0 | 

2,057 

05 

1 0 

4 0 

Salem 

February 

437 

27 

70 


1 7 


28 

Trichmopoly 

January 

454 

41 

5 8 

2,895 

00 


0 1 

Tanjoro 

April 

730 

05 

38 


3 3 



Negapatam I 

Juno 

400 

30 

32 


3 0 



„ II 

January 

220 

47 

07 

1,310 




Kumbiim Valley* 

November 

752 

1 ! 

13 

5 4 

4,920 

3 6 


24 

Dindigal 

January 

1GS 

13 

34 

1,221 

4 S 


23 

Madura 

Februarj’ 


02 

3 8 

7,94S 

3 7 


00 

Tinnevellv 

September 

039 

07 

49 

2,108 

28 


05 

Tutieonn 

October 

52G 

34 

5 3 

2,752 

3 3 


20 

Nilgins 

May 

88 

5 

44 

379 

04 

00 

2 1 

Yercaud 

March 

37 

13 

3 7 

250 

1 4 

55 


Tirumalai 

May 

200 

145 


703 

40 



Berhampore 

September 

397 

00 

03 

1,833 

09 


3 0 

Vizagapatam 

October 

443 

53 

3 5 

2,408 

1 5 


34 

Bezwada 

November 

715 

89 

33 

2,038 

24 


0 04 


* R&t ©pizootic at tliG tunc of survey 


the prevalence of some particular flea 
areas or even streets 


species was sharply restricted to ceitam 
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Fleas. 

82,708 fleas weie examined 59 9 per cent were X asha, 33 5 per cent uere 
X cheopis, and 5 9 per cent were X hazihensn These are the three mam species, 
and, as is evident, astia is by far the commonest At Ootacamund m the Nilgiri 
Hills, two other rat-fleas were also found, a few Lcptospylla vmsculi and many 
Ceiaiophylus mlgenensis which were common there and which formed the chief flea 
found on the local field rat — > Gunomys l oh This last species of flea was hindlj 
identified for us by Mr Mohamed Sherif of the Aligarh University As usual, other 
fleas such as Pulex untans, Otenocephahs cams and EcJndnophaga galltnacccc v.ere 
also found 

For all representative aieas apart from individual villages, etc , the general 
flea index varied from 2 1 to 14 2, hut as seen from Table I, m all hut two places it 
varied from 2 1 to 7 2 The average was 4 9 The variations m this index from 
one place to anothei were parity due to seasonal changes This is readily seen if 
the indices be ari anged in order when it will be found that nearly all the larger 
indices refer to places survejmd between September and January, i e , m the cooler 
and more humid months that correspond with the months where the seasonal plague 
curves of the Chart are high For general areas the index for astia varied from 
0 to II, for cheopis from 0 to 6 7, and for brazihensis from 0 to 8 7 In particular 
localities these were exceeded The highest indices found were II 3 for astia, 37 G 
for cheopis and 14 2 foi brazihensis In order to simplify the problem of the relative 
importance of the two mam species we will first get rid of the complication 
introduced by the presence of hiazihensis m a few places 


The distribution of braziliensis. 

This was the chief flea found m Hosur and Yercaud and was moderately 
abundant m Coimbatore and Ootacamund The situation of the places named can 
be seen from Map 2 Hosur is on the Mysore plateau, Yercaud is on the Shevaroy 
Hills not far from this plateau on the south-east, Coimbatore is on the lower plateau 
south of the Mysore plateau, while the NiJgins are close to the Mysore plateau on 
the south-west 

In the other places where it was found, it appears to have been imported with 
grains into commercial areas, but to have apparently permanently settled only at 
Harpanahalh on the north of the Mysore plateau, and m the West Coast towns of 
Mangalore, Calicut and Cochin wit-h their humid climate Two species were found 
in Madras m a ground-nut godown and one at the Tnchmopoly railway station 
which suggests the method of importation and reminds us that the process is 
continuing To conclude, the chief habitat of brazihensis appears to be the Mysore 
plateau and adjacent similar areas In the absence of an extended survey of the 
Mysore plateau we have not enough evidence as to whether it is indigenous 
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Map 2. 



The distribution of astia and cheopis as affected by importation and 
differences in the local environment. 

We prefer to discuss the action of these two factors before considering the 
association of species distribution with cbmate and with plague, because, as we 
shall see, by doing so we shall be m a better position to deal with these other problems 
later In Map 2 the shaded portion of each left semi-circle represents the proportion 
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of cheopis found m bazaar areas, by which we mean all mainly commercial areas, 
shops, godowns, mills, etc , with residences m the immediate vicinity Similar]) 
each right semi-circle refers to what are mainly purely residential areas The exact 
figures which these diagrams represent can be found m Table VI The first point to 
note is that there are very many places which show great differences between the 
proportions of cheopis found m the two contrasted areas Full details of these 
differences have been given m the individual reports They are due to the action 
of the two factors mentioned As regaids importation we have ample evidence to 
show that whereas asha is an indigenous species (and perhaps hazihensis too) chcopis 
has been and is being imported into new territories hitherto occupied only by asha 
or by asha and brazihensis A summary of the more important evidence for this 
is as follows — 

(a) Whereas asha was found everywhere m widely different localities, the 
distribution of cheopis was more restricted As we shall see, cheopis favoured moist 
and cool climates, but even so it was absent in some areas which seem suitable 
climatically This not only suggests that it was absent because it has yet failed to 
be introduced, but also suggests that, in the places where it is fairly common, it has 
been introduced m comparatively recent times Climatically suitable areas into 
which cheopis has not yet penetrated are as follows — 

Yercaud 4,500 feet, a hill station had only asha and hazihensis 

Tirumalai 2,800 feet, a place of pilgrimage on an isolated hill m the cast, 
had only asha 

Bellary Cantonment 1 ,500 feet Except m one gram store only asha were 
found 

Cochin On the West Coast had only asha and a few imported brazihensis 

(b) There were many towns where from climatic or other reasons asha was 
practically the only flea, and cheopis practically non-existent or very scanty, yet 
m these towns cheopis was found m places like import godowns, railway stations, 
etc Instances are as follows — 

Cuddapah 100 per cent asha but one * loose ’ cheopis was found at the 
railway station 

Nellore Residential areas 99 7 per cent asha Bazaars importing gram 
from Nizam’s dominions had 44 per cent cheopis 

Vellore Residential areas 100 per cent asha Bazaar 22 per cent cheopis 

Tnchinopoly 100 per cent asha m the mam area But some chcopis were 
found m the central gram godown 

Madras 100 per cent astia m the mam area Perambur cotton mills 90 per 
cent cheopis Harbour import rice godowns 33 per cent chcopis 
Town import godowns near harbour 1 per cent cheopis 

Tuticorm Residential areas 99 7 per cent asha Cotton godowns / 4 per 
cent cheopis 
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Grain godowns 42 pci cent cheopis 
Gencial bazaar 3 per cent cheopis 

Maduia See Table II wheio the specific indices for cheopis and the relative 
proportion of cheopis show the same definite descending order as we 
get away fioni areas importing cotton and giams 


Table II 

Flea dislubuhon in Madina Town {Jan -Feb) 


Locality 

Total 

fleas 

General 
flea indc\ 

cheopis 

mdc\ 

astm 

index 

Per cent 
clicopis 

Per cent 
a slid 

Madura Mills 

532 

10 9 

98 

1 1 

90 2 

9 8 

Grain godowns 

713 

02 

3 3 

29 

53 0 

40 1 

Houses near gram godowns 

304 

5 1 

1 1 

4 7 

22 0 

78 0 

Gram bazaar 

084 

3 2 

0 4 

28 

12 0 

87 1 

Houses near grain bazaars 

2,744 

4 1 

0 1 

4 0 

2 8 

07 2 

Houses away from bazaars 

535 

55 

0 

5 5 

0 

100 


Table III 

Towns showing gieat local differences in the distribution of X astia and 

X cheopis 



Specific indices 

I Spicific in dices 

Pfu cfnt 

Town 

A 

astia 

A' 

cheopis 

A' cheopis 

Bazaar 

Residences 

Bazaar 

Residences 

Bazaar 

Residences 

Bellary 

Guntakal 

Salem 

Dmdigal 

Tinnevelly 

Tirupattur 

Cabcut 

Mangalore 

T 

2 1 

23 

1 2 

38 

30 

0 5 

29 

1 5 

43 

2 8 

23 

0 1 

23 

0 8 

0 9 

0 50 

4 2 

4 4 

24 

3 57 

0 7 

00 

3 4 

2 1 

1 5 

1 0 

1 8 

1 3 

0 04 

2 5 

3 5 

4 3 

07 

00 

00 

50 

18 

50 

47 

42 

25 

20 

44 

20 

2 

77 

80 

88 


, \ J usl mentioned tiiere were several other towns 

(see Table III) in which the relative proportion of cheopis was much less m residential 
lan m bazaar areas That this was the rule is probably due not only to the invasion 
commercial areas by cheopis and its slow spread therefrom into domestic areas 
also to the other factor of differences in environment We refer to differene ’ 
m the construction of houses, their cleanbness and degree of crowding tn H i 
differences m rat-nesting conditions, etc , for insanitary surroundings Lmtef" ^ 
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m the opposite way when the reverse is the ease This is probably one reason wh\ 
the last three towns show a reversal of the locality cheojns proportions In Calicut 
it was noted that the housing conditions of many domestic quarters w ere decidedh 
worse than those of the houses m the bazaar The same conditions held good for 
fishermen’s huts m Mangalore Poor general housing conditions were also obsened 
in Tirupattur Another reason for the high proportion foi cheopis in residences in 
Calicut and Tirupattur was the existence of plague in them Further it should lie 
noted that the bazaar areas of these tow ns already show cheojns proportions near 
50 per cent, so if the figures represent the usual conditions it is possible that in these 
towns there has been no reversal of the usual process— the spread of cheojns from 
bazaars to residential areas, but simply a quickening favoured by favourable 
conditions m the residences 

The specific indices for these towns and for Madura show, that m places where 
the cheopis index is higher m one part of the town than m the other, the opposite 
tends to hold good for astia, so though there are differences m the general flea indices 
for the two sorts of areas, there is also a change m the relative proportion of the two 
species This points to a definite struggle for existence between these two species 

(d) As a continuation of the general rule of diminishing cheopis infestation as 
we proceed from the centie of a town outwards, we may adduce the evidence of the 
few rats that were caught m traps set m the fields These rats were Ilalhis rallus 
mamly of the white-bellied variety On these no cheojns at all were found Thus 
outside Bellary and Hospet which have cheopis rates of 57 per cent and 78 per cent, 
7 rats were caught m fields from which 10 astia and no cheopis were obtained 
In the Kumbum Valley with 37 per cent cheopis, 13 rats caught m fields yielded 
3 astia and no cheopis Outside Hosur where the cheopis rate is 28 per cent, 3 rats 
yielded 10 biaziliensis and no cheopis Outside Tuticorm which contams cheopis 
m its godown areas, 9 gerbilles were caught which yielded 13 astia Some bandicoots 
at Bellary, Guntaka 1 and Ootacamund showed the same phenomenon of ash a only, 
though usually these rodents (which freely enter towns) showed cheojns as well 

As regards astia, because it is already so widespread, indirect evidence, as in 
the case of cheopis does not suffice to show importation, hut of course it is also being 
freely exported from and imported into different places as much, if not, more than 
cheopis Thus at Tan] ore the examination of imported grams before entering a 
godown yielded a dust from which astia fleas were later hatched out 

Conclusions. 

(1) While astia appears to be so widespread as to allow us to call it indigenous, 
cheopis appears to be a flea that is still invading new territory 

(2) It is inadvisable to set much value on small differences between towns, lor 
it is very evident that the flea indices for any one town will usually vary with the 
proportion of the rats caught in the bazaar areas 



369 


H II Knuj and C. G Pandit 


(3) Diflerenccs between low ns m the degiee of infestation of inis with fleas 
and m the iclative piopoilion of species picsent, aie piobably pmtl} r ( ^ llc 
vanations m the two fnctois of impoitation and gcnoinl environment that cause 

differences between paits of the same town 

(4) "What is nlieady wmll known and what, has been bi ought out m the indivi- 
dual reports, is the mipoitance of giam tiadc m t lie iiansport of fleas 

(5) A conclusion not so well know’ll and that has novel been previous!)’ stressed 
so fai as we know, is the \eiy gieat mipoitance of the cotton tiadc m the tiansport 
of fleas, paiticulaily of chcojns This has already been noted m tlie Reports but 
the evidence may be conveniently summan/ed heio, for w’e think that m these 
parts of India this hade is as impoitant if not more impoitant than the giam trade 
m the dissemination of chcojns 


Influence of the cotton trade. 


The importance of the cotton tiadc m the dispel sal of X chcojns was made 
apparent by the Madias survey Ileie X chcojns weic found onl) in tw r o localities, 
m tire harboru godowois stocking Rangoon lice, and m the cotton mills atPerambur 
where they formed over 90 pei cent of the total fleas Evidently they w ere nnpoited 
from the western hinterland from vdiere the supply of cotton was obtained and 
which were known to be infected with X chcojns 

As shown by Table IV, similar observations have also been reported m several 
towms where piemises connected with the cotton trade, such as godowms, piessmg 
and ginning factories and spinning and weaving mills, showed not only piactically 
invariably a high geneial flea index but also usually showed a much higher figuie 
for the proportion of chcojns than for the rest of the towns That importation takes 
place through cotton is clearly shown by the findings m Tmnevelly and Tuticonn 
In Tmnevelly the gram trade is small, and Saliyar street, which is the centre of the 
gram trade, did not show any X chcojns On the other hand, the centie of the 
cotton trade — the towm bazaar — showed the presence of X chcojns m considerable 
numbers, 296 out of 1,252 total fleas thus collected Again, out of 7 chcojns obtained 
rn residential areas, 6 were collected from tlie houses of weavers w r ho obtain their 
yam from such cfteojns-mfected places as Hublr, Dharvar, etc , m the Bombay 
Presidency 


It can be observed from Table IV, that the cotton mills on the whole show’ 
both a high cheopis percentage and a high chcojns index, 3 to 4 times the average 
It is probable that this high index is maintained by fiequent importations, for, as 
will be seen from the discussions on climate m some of these places such as 
adras, Madura, Tuticorm, cheopis is absent or scarce m the ordinary parts 
of the same town That such importation rs irregular is brought out by the 
fact that m some mills m Madras and Madura cheopis are not found at all or 
°nly^ rn very small numbers An explanation for this anomaty is not 

2 
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X chcopi3 
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apparent, but there is some reason to believe that importation depends on 
seasonal factors, as to whether the supply of cotton to a mill is fiom the summer 
or winter cotton crop In the case of the latter, the infestation with chcopts is 
likely to be considerable 

Cotton seems to be a particularly suitable material for the dispersal of fleas 
because of the shelter from mechanical damage and from drying that it affouls, 
and further the highly humid atmosphere of cotton mills neutralizes the disacb an 
tages of an otherwise unfavourable climate Cotton dust sweepings seem to afford 
excellent shelter for fleas when they are away from then rat-hosts and so help flea 
breeding This was demonstrated by the ‘ Loose flea experiments ’ which were 
conducted during the survey m several places These experiments were designed 
firstly to find out if there was any gross infestation of grain, etc , with fleas, and 
secondly to investigate the comparative roles of cotton and varieties of gram m then 
dispersal The technique adopted was discussed m detail in Report No XI for 
Tmnevelly It was observed that loose flea densities for both astia and chcopis 
varied greatly in godowns stocking different materials The highest densities m 
all places were m loose cotton godowns This is well exemplified by the Tuticonn 
experiments given in Table V, m which, as can be seen, not only were the loose flea 
indices per trap highest m the loose cotton godowns, but their ratio to the specific 
indices for the same places were much higher than elsewhere The influence of 
cotton mills on the general rat-flea population of a town is shown by Table III 
where all the first five towns, giving much higher cheopis percentage m commercial 
areas than m residences, possess local ginning and pressing cotton mills 

It is thus evident that the cotton trade is a potential source for the introduction 
of infection into a locality Direct evidence for this is an outbreak of plague m 
1929 m Kotturu m Bellary District An extract from the repoit of Dr Sri Ramuhi, 
the Chief Plague Officer of the District at the time, reads as follows — 

‘ The infection was brought into the town through raw cotton which probably 
contained infected rat-fleas 

‘ The first rat-fall occurred m the cotton mill — cotton having been brought to 
the mill a month previously from two infected places some 6 miles away The fiist 
case occurred among the workmen residing m the compound of this mill The 
town which is situated some 3 miles away from the mill was then infected The 
first rat-fall occurred m a shop belonging to the owner of the above mill who had 
probably removed some material there from the mill ’ 

Seasonal changes. 

The ideal data would be those obtained from places representative of different 
climates which had been surveyed m the same localities all the year round, or at 
least in the four chief seasons of the year Such ideal data were not obtained m 
this rapid general survey The King Institute is now domg surveys throughout 



373 


H IJ King and C G Pandit. 


tlie yem m three representative mens , so \vc liopc to be m a position a year hcncc 
to describe seasonal changes more accurately than we can at present Even so 
the few data already obtained will be of interest 

There is some direct evidence of the effect of seasons in the repeated surveys of 
Madras and Negapatam The fust suiveys weie in June, July and August and the 
second surveys m January and December On the whole the astia index for resi- 
dential areas was lnghei m the cold weather than m the hot, e g , m Madras 5 8 as 
against 4 3 Tlieie was still a greater increase m the astia indices m the chief 
godowns, e g , m Ncgapatam 7 24 as compared with 4 4 Chcopis which had been 
found in these places only m the Madias liaibour godowns and rn a cotton mill also 
showed a rise (a greater rise than astia) m the cold weather, e g , for the cotton mill 
6 2 as against 1 9 m the hot weather, and for the harbour 3 9 as against 0 3 These 
c heopis aieas are veiy subject to importation which might account for some of the 
cold weathei rise, but it is doubtful whether it would account for the whole rise 
So we may conclude that on the East Coast plain both chcopis and astm tend to 
be more plentiful m the cold weather at the end of the North-East Monsoon than m 
the hot weather and early South-West Monsoon 

Next we have the evidence given by two surveys of the small town of 
Uthamapalayam m the Kumbum Valley about 1,000 feet high on the west of the 
southern part of the mam plateau which was surveyed m December 1928 and 
January 1929 It has recently been again suiveyed m June 1930 by Dr George m 
another Inquiry under Major Hesterlow, IMS, the Dircctoi of Public Health, 
Madras, to whom we are indebted for the results of the second survey The two 


surveys show a reversal of the lelative proportions of astia and chcopis Whereas 
m the first cold weather survey these formed 28 and 57 per cent respectively of 
all fleas, or disregarding Echidnophaga gallvnacea, formed 33 and 67 per cent respec- 
tively, m the hot weather the proportions were 64 and 36 per cent 


Unfortunately these lesults were complicated by a severe epidemic of plague 
m the first survey when the rat density was only 13 as compared with 93 m the 
second This affected the general flea mdex which was 8 18 m the first survey 
and only 4 44 m the second The specific indices m the first survey were 2 3 for 
astia and 4 69 for cheopis In the second survey the indices were 2 83 for astm and 
only 1 61 for cheopis Thus there was a diminution of the cheopis index m the 
second survey to one-third of its former value We doubt whether this change in 
the percentage rates is quite typical of the South Indian plateau Plague probably 
disturbed the species ratio m the first survey, to the advantage of cheopis unduly 
exalting its index at the time, which is a phenomenon that was noted elsewhere as 
m the union of Narayanadevagm, where the cheopis index alone rose-see Table 
D m the report for the Bellary area This increase of cheopis m the presence of 
] ague may be only an apparent increase due to greater activity oi may be a leal 
increase A lethal action of plague on usfca has been suggested" This m ay be the 
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reason for the low astia indices found at Tirupattur (0 6) just after a plague epidemic 
and at Cochin (2 15) on the West Coast during an epizootic of plague Whatever 
the causes of such differences it reminds us that caution must be used in comparing 
one place with another m the absence of data for both places for all seasons and m 
the presence of plague m either 

Fmallv, we have indirect evidence suggestive of the general simihuty of seasonal 
changes m astia and cheopis , m the fact, that m places like Madras, Negapatam, 
Cuddapah or Cochin, where, as we shall show, plague must have been carried almost 
entirely by astia, the seasonal prevalence of plague on the few occasions it has 
occurred is the same as m towns where plague is carried mainly by cheopis This of 
course may be due entirely to the effect of season on only the other factors in ‘plague 
h ansmission apart from any action on flea prevalence as well, but it is not vefy 
likely 

Some general considerations in determining the association of species 

prevalence with climate. 

We will first briefly consider each factor that affects flea prevalence and how 
its action can be diminished m order to better estimate the effect of climate 

Repeated importation may succeed m establishing a colony of a species m only 
moderately favourable surroundings This is evident from the facts already 
discussed It can be partially discounted by restricting ourselves to figures for 
residences, for of course it is the commercial areas that are most subject to 
importation 

What we may call the ‘ general facto) ,’ or environment, apart from temperature 
and humidity, as it affects flea breeding conditions and facilitates the contact of 
fleas with rats, largely influences the general flea index and not only that, but as we 
have seen, also influences the relative prevalence of astia and cheopis This factor 
also may partially be discounted by restricting ourselves to figures for residences, 
wlucli, on the whole vary somewhat less among themselves m this respect than do 
commercial areas Further, to the extent that the general environment affects the 
absolute size of specific indices, it can be discounted by considering the ratios of the 
specific indices or more conveniently the species percentages 

The season at which a survey is done influences the figures for both the absolute 
or the relative prevalence of a species Once its effect is fully known, then of course 
it can easily be discounted, but m the absence of this knowledge, as here, it can 
still be partially allowed for To the extent that it influences the absolute prevalence 
of species, it can be eliminated, as in the case of the general factor, by considering 
only the relative percentages for Species Further, its effect m a survey such as 
this can be diminished if a sufficient number of places are surveyed, for, unless the 
peaks of the seasonal prevalence curves of astia and cheopis are widely separated— 
for which there is no evidence — a large number of different surveys, as here, von Id 
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ensure that many of them arc clone at a season when the several cuivcs for the two 
species axe approximately parallel and then ratios arc neat the general average 
for the ratio of the two species 

The presence, or leccnt existence, of epizootic plaque not only tends to increase 
the general flea index by diminishing the number of rats, but also, as stated, tends 
to markedly increase the lelative preponderance of chcopis over a slut This latter 
action may bo entirely due to the lethal action of plague on aslut as has been 
suggested, but it may also be due to a greater activity on the part of chcopis The 
only way to discount this factor is to note the presence of recent epizootic plague 

From these considerations it will be apparent that in order to find the effect of 
different climates over the whole year m determining the relative prevalence of 
flea species, we shall do best if we consider the species percentages foi lestdenccs, for 
then we shall dimmish as far as possible the disturbing effect of the first three factors 
mentioned The specific indices at the same time will still have to be considered in 
order to make sure that we arc not dealing with exceptional cases in which the 
specific indices are abnormally high or low There has been some controversy in 
the past over the use of species percentages, but wc think it is because the individual 
action of the seasonal factors at work has not been sufficiently discussed, and also 
because these relative percentages have alone been used for discussing the associa- 
tion of species with plague Since when we deal with plague what we would like to 
have is the exact specific indices at the plague season, figures for the relative species 
prevalence will not serve unless ail indication of the level of absolute pievalence be 
also given 


The association of the distribution of astia and cheopis with climate. 

Let us examine Map 2 and consider what relation the residential cheopis 
percentages bear to geographical position and climate The exact data on which 
this map is based are given in Table VI where the areas surveyed are arranged in 
order of diminishing cheopis percentages From the map we see that m the humid 


climate of the West Coast ports, Mangalore and Cahcut, cheopis was abundant when 
it existed at all, but, that as an exception, it was absent in Cochin 

Next we see that on the mam plateau and plains of the Peninsula east of the 
Western Ghauts, cheopis infestation diminishes as we go from west to east or from 
north-west to south-east and as we go from higher to lower lynig land Thus 
compare the following general west to east or north-west to south-east ‘ lines ’ which 
are also, on the whole, the fines of diminishing altitude 

(1) The North Mysore— Pennaru River Line— Harpanahalfi, Hospet Belhrv 
Guntakal, Proddatur, Cuddapah and Nellore 1 ’ ^ ’ 

< 2 > i ® line Hosnr, Madanapalle, Tsrupattur, Clnttoor 

Vd ore, Titupati and Madias It is to be noted that the specific indices fo, the 
first two places are much higher than for the others (see Table VI) 



Flea specie^ local differ ences and by climate Areas in or dec of diminishing cheopis percentage m residences 
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(3) The Cauvery River Line — Coimbatore, Salem, Tnehmopoly, Tan] ore awl 
Negapatam 

(4) A Southern Line — the Kumbum Valley, Dmdigal, Madura, Tmnevellj 
and Tuticonn 

Altitude acts m the same way as westerly position (with which it is generally 
associated), for, the higher or the more further west a place is, the more ram it gets 
from the South-West Monsoon 

Thus consider m the order of diminishing heights the hill stations of 
Ootacamund, Yercaud and Tirumalai 

Finally we have the line — Berhampore, Vizagapatam, and Bezwadn from 
north to south m the northern part of the East Coast plain 

From Table VI we see that the areas surveyed fall into two sharply distinct 
groups, the first seventeen with cheopis percentages above 20, and the last 16 with 
cheopis percentages below 2 practically all of which’’ are m the south and east The 
specific indices follow suit, while they vary from 0 9 upwards in the first group the] 
are all practically zero m the second group It is these sharp differences winch 
enable us to draw conclusions from these results without a full knowledge of the 
seasonal changes The absence of intermediate groups is striking and points to the 
existence of some critical conditions for chmate beyond which cheopis does not 
readily survive Such must have operated to prevent the colonization of the 
residential areas of towns in the South-East group Once these critical conditions 
are passed we can get differences due to the different degree m which climate favours 
one species, so this probably partly accounts for the gradation in the first group 

We think that all will agree that the table and the map clearly show a striking 
association between cheopis prevalence and geographical position — m other words, 
with climate In trying to see how these marked geographical differences were 
dependent on climate, we obtained figures for temperature and humidity m the 
favourable flea season which we took as the four months preceding the peak of the 
district plague mortality curve We could find no definite association between 
these figures and species prevalence We also exammed similar figures for the 
chief off-season, the hot months of April, May and June, but still could get no definite 
association Finally, we consideied the duration of the off-season The map shows 
that the area of lowest cheopis infestation is the central and southern portion of the 
great East Coast plain between Bezwada and Tuticorm, and that cheopis infestation 
increases m proportion as we go to the west and north of it This eastern area is 
the region least affected by the South-West Monsoon, and so the region where the 
hot weather, instead of ending m June with the burst of this monsoon, is prolongs 
into September, thus greatly prolonging the off-season for plague and for fleas 
This prolongation of the hot off-season in the south-east is clearly shown by Maps 
3 to 12 (copied from the Climatological Atlas of India) which give the contours for 
temperature and humidity from May to September We hesitate to label an} 
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figure as ciit-ical, but on the vliole we may take a mean monthly temperature above 
SI 0 ]? and a mean monthly relative humidity below 7G per cent as those which 
maik off the long oft-season m the south-eastern area The maps show too the 
reason for the abundance of cheopis m the northern parts of the East Coast 
plains, for these parts, during the hot weather and South-West Monsoon, get 
moist winds blowing m fiom the Bay of Bengal, which amounts nr this case, 
as rt were, to a local South-East Monsoon In the table, note how for all places 
for which meteorological data arc recorded, long off-seasons are invariably 
associated with low cheopis percentages Here the off-season is taken as 
the period during which the monthly mean temperature at 8 am exceeded 
81°F and when at the same time the monthly mean relative humidity at 8 am 
was below 76 per cent The figuics are based on the averages for the last 
3 years For some places for which no meteorological data are available ne 
have estimated the off-season from the figures for places near-by, all such figures 
are marked with a query 

Thus we conclude that it is not so much the severity of the hot weather m 
tempeiatuie or dryness that causes conditions unfavourable to cheopis, as the 
much longer dwakon of unfavourable conditions m the south-east side of the 
peninsula This is responsible foi the failure of cheopis to spread in this region 
despite, as we have shown, much importation While this is so, ne must still 
remember that favourable local conditions can, to some extent, replace a 
generally unsuitable climate as m parts of Nell ore, Madias and Tuticonn, so 
the possibility of the spread of this flea in the more insanitary parts of towns 
must be borne m mind 


The association of species distribution with plague. 

Map 13 helps us to see this association at a glance It is based on Table VII 
where other relevant details, such as the specific indices, are also given lor the towns 
concerned and on Table VIII, which gives the exact figures for plague deaths year 
by year We are dealing now with individual towns, and not, as before, with areas 
grouped round a town This is m order to let us use the exact figures for plague 
which have been kindly given to us by the Director of Public Health, Madras & In 
the map for each town the shaded portion of the column on the right represents 
the percentage of cheopis to total fleas, the shaded portion of the column on 
the left represents the number of deaths from plague per 1,000 of population, durum 
the period 1902 to 1929 up to a maximum of 200 deaths per thousand winch 
wou d be presented by a shading of the complete column The dotted areas 
m the central column represent the number of years between 1902 and 1929 
m which deaths from plague exceeded 1 per thousand of the population un 

ot 20 Thus «» nJZoTz z 
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As for climate and cheopis distribution, so bere, despite the absence of complete 
data, there appears to be a veij definite association between cheopis prevalence mid 
the occurrence and severity of plague This is particularly apparent m some of the 
west to east or south-east lines from the mam plateau to the coast that we have 
already considered under climate and that should be examined again on this map 
Note how the places at the head of the lines are either on or close to the mam plateau, 
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flie region of cheopis abundance, and how the ends of the lines, where plague is 
practically absent, are m the chcopis-hcc region of the Central and South-East 
Coast plains, similarly the lull station group of Ootacamund, Ycrcaud and 
Tir um alai with plague piactically absent m the last two The West Coast line 
Mangalore and Calicut show chcopis and plague m the first two but not in Cochin 
which is free from chcopis — the aslio index here is low but there was a plague 
epizootic going on There aie two exceptions to the general rule as can be seen 
both fiom the map and fiom the table The first is the Cential Line— Madannpalh— 
which has had less infection than one would have expected It is not on a railway 
and is quite out of the line of oidmary trade tiaffic So the comparative absence 
of importation of infection is the explanation of its relative freedom This is 
probably also partly the explanation why, as our second exception, m the 
northern half of the East Coast plain, Vizagapatam and Berliampore have had 
httle or no plague despite high checgns infestation A further possibility is that, 
whereas the climatic conditions here are suitable for chcopis, they are not 
suitable for the other factors in plague tiansmission 

In Table VII the towns have been arranged in descending order of chcopis 
percentages for the whole town The general association of high chcopis percentages 
and indices with the figures for plague is very evident Practically the same group 
of towns is in the lower half of the list as were in Table VI Most of the differences 
that exist between places m these two tables are due to the fact that chcopis figures 
relate only to residential aieas m Table VI but to the whole town in Table VII, as is 
only fitting in dealing with plague So we may say that the typical asha zone is 
practically plague-free 

What we have to remember, before associating, the association of chcopis 
prevalence with plague, is that possibly the demonstrated association of plague 
with cheopis prevalence may be entirely spurious For it may be, that both plague 
and cheopis prevalence are directly correlated with climate, and so may appear 
to be correlated with each other despite the possible absence of any connecting 
causative factors Against this there stands out the salient fact that the places 
mentioned previously which are free from cheopis and where the climate is eminently 
suitable for plague have had either no plague, or when it did appear, suffered very 
little indeed as can be seen from Table IX 


Cochm, a port on the West Coast which is exposed to infection from other 
West Coast parts and from the hinterland and which has a climate similar to 
Mangalore, Cahcut and Colombo which all have plague, has had no plague at all m 
the British area, and only 14 cases m an epidemic m Mattancherry which adjoins it 
Bellary Cantonment on the mam plateau with only astia has had only 7 cases 
of plague m the last 16 years It adjoins the town of Bellary where both cheap* 
and plague abound Being a Cantonment its sanitation is of course better til, 
that of the town but this alone will not account for the vast difference. 



Flea species and plague ( Towns in 01 dei of diminishing clieopis pel cenlage in whole town ) 
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* Rat epizootic at the time of survey 













Table 

Total yearly deaths from 


Towns 




1905 




1909 


1911 

1912 

1913. 

1914 J 

Harpanalialli 


24 

| 68 

15 



2 


41 

96 

21 



Tirupattur 

12 

617 

443 

315 

5 

3 

3 

l 



27 


m 

Berhamporo 





| 









Hospefc 

630 

482 

26 

76 

85 

59 

32 

1 

1 

214 

81 

IS 

3 

Madanapalli 





i 






17 



Coimbatore 


571 

761 




1 

1,101 

55 

76** 

99 


101 

Vizagapatam 





i 









Calicut 


4 






75 

21 

51 




Salem 


2 

2 




' 

1 

1,414 

195 


567 

2 

Bellary 

1,401 

719 

974 

t 

109 

6 

787 

6 

1 

48 

386 

121 

1 

757 

Bellary Cant 







i 






5 

Mangalore 

818 

277 

326 

462 

113 

121 


94 

132 j 

129 i 

243 


111 

Ootacamund 


246 

1 13 

95 

17 


64 

91 

3 

1 




Tuticorin 









1 

| 





Guntakal 







N < 

) t 

avai 

i 1 a b 

1 e 



Dmdigal 

1 

1 







120 

15 




Hosur 


49 

36 

52 

3 

136 

10 


2 

96 


28 

38 

Vellore 

10 

450 

318 

3 | 


2 




3 

20 


50 

Chittoor 


2 

9 

68 

6 






1 



Periakulam 









i 





Nelloro 











1 



Tmnevolly 


2 











1 

Madura 












i 


Madras 

1 

4 

8 

22 

56 

3 

2 

3 

6 

3 

1 


2 

Tncliinopoly 








6 

1 





Tirumalai 














Verciud 














Negapatam 


1 




1 

1 






105 

Tanjore 


2 







3 




0 

Tirupati 




; 









I 

Cuddapab 

2 

1 




1 





99 



Proddatur 














Cocbm 


t 












Bezwada 


; 









1 




386 A Summary of the Rat-Flea Suivey of the Madias Piesideney 


Yercaud, a hill station m the Shevaroy Hills, 4,500 feet high and so with a 
climate favourable for plague, is only 11 miles from the endemic plague centre 
of Salem through which nearly all its traffic passes, despite which it has had only 
two small epidemics of plague with 17 deaths — it had no cheopis, only astw and 
brazihensis 

Tiriimalai, 2,800 feet with a climate suitable for cheopis , is exposed to infection 
because it is visited by many pilgrims It has had no plague Only astia were 
found 

Therefore we conclude that the association between cheopis prevalence and 
plague is probably not wholly due to their both being correlated with climate 
Before leaving this map, note how the areas both of greatest plague and of greatest 
cheopis prevalence cluster round the Mysoie plateau This is associated not only 
with cheopis prevalence m this region, but also with frequent importations 
of infection from Mysore state where plague is practically endemic Other 
areas from which plague is imported are the Bombay Deccan, the Nizam’s 
dominions and from the more heavily infected districts of the Presidency itself 
The influence of both these factors is well shown by Map 14 giving the 
years m which plague mortality m districts first exceeded 1 per 100,000 of 
population (2) 

From Bombay in 1896, through the southern parts of the Bombay Presidency 
and Nizam’s dominions m 1897, plague reached the Madras Presidency m 
1898 with severe epidemics m some districts Districts so infected m the 
first 5 years, 1898 — 1907, are cross hatched They are seen to cluster round 
Mysore Districts seriously infected m the next 10 years are single hatched, 
and those similarly infected m the next 17 years are dotted Districts practically 
free from plague, i e , with a mortality less than 1 m 100,000 m any year, are 
left blank In interpreting the map two points must be remembered First, 
that these are figures for dish ids whereas our own figures are for towns and 
adjacent villages Second, that the map does not repiesent the time of the 
first infection, but only of the first epidemic yielding a mortality exceeding 
one death per 100,000 for the district Thus m the first year 1898, plague was 
imported into 96 different places m 11 districts, but established itself m 
only 20 centres m 5 districts — Bellary, etc This emphasizes that eailmess of 
infection on the map shows not only early infection, but also the existence 
of conditions suitable for epidemics It is very evident that the map shows 
a general correspondence between the pioportion of cheopis previously described 
in the surveyed towns of a district and the earlmeso of serious epidemics m 
the district 

The Chart giving tbe district mortality curves per 100,000 per year shows that 
Bellary District is the most affected by plague, and that next come Coimbatore 
and Salem districts The heavy intensity m the first two areas is probably associated 
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7 1 the f unities it, gives to the import, of Hens These fifiiircH 

r— more mfoi million - 


Map Id 



The association of astia with plague. 

We have already noted m Map 13 and Table VII that, in several places -where 
cheopis was probably absent and asha or asha and brazihcims abundant plague 
has either not occurred at all or has caused only a few mild epidemics All places 
surveyed m which astia was by far the predominant flea and m which theic has 
been some plague, however little, are noted m Table IX It is veiy evident that m 

* This chart and Map 14 have been prepared by us from the information gnen b\ rations dia- 
grams and maps in a Geographical Survey of Plague in the Madras Presidency by Lieut Colonel 
A J H Russell, i m s , Director of Public Health, Madras 
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all these places not only have the epidemics been veiy few, and veiy small, but what 
is far more important, they have not earned over from one season to another The 
evidence is so definite that there is no need to labour the point, that, places where 
practically only astia exists, are not likely to get severe and recurrent epidemics 
It may again be objected, that this is not because the fleas are practically only asha, 
but because the climatic conditions are not favourable to plague transmission But 
this is not the case, the climate during the North-East Monsoon and during the cold 
weather is quite suitable as shown by the following figures for the mean monthly 
8 am temperature m Madras from November to February in the last 3 years 


Madias Mean monthly 8 a m temperatuie and i dative humidity 
(Average for three years, 1927-29 ) 


1 

November 

December 

January 

February 

Temperature 

78 2 

76 0 

74 7 

76 5 

Relative humidity 

80 6 

82 6 

86 0 

82 3 


Then there is the positive evidence of the suitability of the astia zone for plague 
m the moderately serious epidemic of plague m places like Vellore and Tuticonn, 
which, while being m or near the astia climatic zone with 100 per cent astia m purely 
residential areas, yet have many cheopis in their bazaar areas — 22 per cent and 
30 per cent respectively Excluding plague deaths below 10 a year, Vellore has 
had ten plague epidemics yielding 24 deaths per thousand of population to date 
Tuticonn has had one epidemic recently m 1924 yielding 5 deaths per thousand 
These are much higher death rates than in the towns mentioned m Table IX where 
only astia was at work and though perhaps climate has played a part in promoting 
the difference for these towns are on the borders of the astia zone, yet it is probable 
that the higher plague rates are due mainly to the presence of cheopis * 

The association of X braziliensts and Ceratophylus nilgertensts 

with plague. 

Plague occurred in Yercaud m 1911 and 1921 with 17 deaths Here the fleas 
were 79 per cent brazihensis and 21 per cent astia, so it is probable that the turn 
epidemics weie caused by biazihensis as well as by astia which we know can convey 
plague 

In Hosur, which suffers severely from plague, brazihensis was the commonest 
flea forming G3 per cent of all the fleas and having the high specific index of 8 5, so 

* The evidence given above in favour of plague epidemics not being earned over the off season 
bv X asha acting alone, whilo they are so earned over when X cheopis is present, suggests that 
plague epidemics are carried oi er by the persistence of infection in rat fleas rather than in rats 
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it is probable that it plays some part m plague transmission, but tins is not certain 
since the cheopis index was as high as 3 8 Hoie a lat was seen m the act of dying 
with plague It yielded 32 bntzilicnsx s and only 1 chccgns winch strongly suggests 
that b) azihensts had probably earned the disease 

As noted m Table IX, in Cochin plague has occuned only twice — in one part, 
Mattancherry, the last occasion being as leccnt as 1928 Very few human cases 
then occuned — only 14, but many lat-falls In the residential aieas of Muttan- 
cheny wheie the lat-falls were few the indices wcie 1 8 foi asha and 0 2 for 
h azihensis In the bazaars where thcic wcie vciy many lat-falls the specific 
indices for asha and biazihcnsis were practically the same — 1 3 and 1 2 This 
suggests that biazihcnsis is at least as efficient a vector as asha The fact of the 
lat-falls officially recorded in Mattancherry — GGO — being out of all proportion to the 
few human cases, rathei suggests that the species responsible ( asha or biazihcnsis oi 
both), while freely carrying plague to iats, do not leadily convey plague to man, 


Table IX 

Astia plague epidemics 


Town 


Cuddapah 

Bezwada 

Madras 


Negapatam 


Coohm 


Bellary Cantonment 


Yercaud 


Population 

in 

thousands 


20 

44 

520 


54 


21 


1'lca and plague datn 


100 per cent asha 
Plague — 1901 and 1912 
1918 and 1919 


No records 
9 1 deaths 


99 per cent asha, 100 percent m residences 
1 laguc 191/ and 1918 53 cases Importation common 

94 per cent asha, 100 per cent m residences 


Plague — 1905 


GO deaths, all in Kassimodu where 
now onl\ asha with a high index 
0 1 


1918 


100 per cent asha 

Plague— 191 land 1914 


31 deaths in main town whero 
onty asha 


140 deaths, infection probable 
from Kangoon 

Plague 1910^amH925 jn MaU«nc„c 0 , 20 and 1, 

100 per cent asha 

Plague— Only 7 cases of plague m the last 10 vears desmto 
ST* P>«8» » “ r, pro'™? 

21 per cent astia, 79 per cent orazihcnsts 
Plague 19l 9 an d 1921 with 7 deaths 
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but as previously noted, the indices were low which alone may have prevented 
transmission of plague to man 

As regards Ccr atophylus mlgenensis, as noted m the report for Ootacaimuid, 
it is probably associated with cheopis m the transmission of plague m the Nilgiris 

The flea species factor in plague 

We have demonstrated a marked association between cheopis distribution and 
climate, and a similar marked association between cheopis distribution and plague 
We have given some evidence that this latter association is not due merely to an 
association between climate and plague apart from the flea species factor by showing 
that in the absence of cheopis m some places favourable climatically to plague there 
has been none or veiy little human plague, despite the occasional presence of 
plague infection as shown both by human and rat plague The evidence that the 
association of plague with cheopis is not wholly due to a common association with 
climate is very much strengthened if we consider the cool iveathei climates of the 
typical astia zone in the south-east plain Here, after the onset of the North-East 
Monsoon m Octobei, for the next 4 months we have a climate eminently suitable 
for plague propagation, but it does not occur despite flea indices that are quite 
high enough fox plague epidemics did they refer to cheopis, e g , Madras residences 
gave an asha index of 5 8 m the cold weathei When it is borne m mmd that m 
these places the rats are highly susceptible to plague, far more so than m cheopis 
areas, and when further it is remembered that many of these places are important 
hade centres receiving plague infection both from outside ports and from the western 
hinterland, then we think that the evidence is good enough to allow us to conclude 
that in South India the fea species factor is of the fist importance in the spread of 
plague under natural conditions and that X cheopis is undoubtedly the chief vector, 
fai more efficient than the common indigenous flea, X astia, and possibly more 
efficient than X hazihensis, the plateau flea, but there is not enough evidence 
foi this second comparison Webster(S) and Goyle(4) have clearly shown m their 
important expeiiments that astia freely conveys plague But we must remembci 
that the tiansmission of plague m laboratory experiments is apt to be deceptive 
as to the part plajed by each species m nature, unless caie be taken to imitate 
natural conditions as far as possible, with due regard to the general environment, 
facility of the contact of fleas with rats, and the flea density As regards this last 
point, we understand that Webstei in his recent work at Bombay concludes that 
astia needs a higher index to convc}" plague than does cheopis Finally, it must be 
icmcmbered that, unlike epidemiological evidence, laboratory experiments do not 
gi\ e conclusions foi the convex ance of plague to main 

So for as South India is concerned our survey confiims the theory of Hnst(5) 
which was suppoited by Ciagg(G« and h) that plague m India is mainly caused by 
cheopis 
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We aic so struck both with the far gicatei effuipucy of chcojns as a vcrlor m 
natiue and with the evidence that the species is of comparatively lecent introduction, 
that we suggest that the explanation of the recent history of plague in India from 
1896 onwards and why this is different from picviously leeordcd epidemics which 
lapidly died out, is that whereas previous epidemics occuucd m tJic absence of 
chcojns, the 1896 infection occuucd when chcojns was fairly widespread throughout 
India as a whole We suggest that the dissemination of chcojns occurred after the 
extension of human mtcicoursc and tiadc (pniticulnily the cotton trade) with 
Egypt following the opening of the Sue/ Canal m I860 Probably the process of 
chcojns importation began even hcfoie this Thus, Choks} (t) suggests that the 
actual infection was imported into Guzarat from Eg)pt in 1815 with cotton and 
caused the epidemic of that year Whether that wens so or not it is apparent 
that the Bombay Presidency was importing Egyptian cotton at that time 
Whereas all previous epidemics seem to have behaved like typical * ash a 
epidemics ’ in being localized and in not carrying over from one year to another 
the epidemic since 1896, as w ? e m India know to onr cost, lias behn\cd 
very differently 


Conclusions 


(1) Local knowledge m survey work is essential because tbc factors of importa- 
tion and environment vary m different parts of the same town 

(2) Locality suitability appears to be able to make up to some extent for clirnat ic 
defects 

(3) X asha is an indigenous flea of South India 

(4) X brazihensis seems established m the Mysore Plateau and adjacent 
areas 


(5) X cheojns appears to have been comparatively recently introduced and is 
still spreading, or attempting to spread, into fresh areas chiefly by the helji of the 
cotton and gram trades 

(6) The area least suited to cheojns is the central and southern part of the 
East Coast plain, and that these limits are associated with the effect of climate 

m prolonging the off-season here where the South-West Monsoon is von- 
weak 

(7) The occurrence and seventy of plague epidemics are associated with the 
number of cheats present and that this relation is mainly direct and not rust 
because of the common association of plague and chcojns with climate 

(b) However else plague may be associated with climate its chief , 

appears to be through the efieet of ohmate on flea spec”” ^ocmt.on 

(9) X astia acting as a vector in mime without cheams in 0„„ t l t i 

has produced very few and very small ep, demies winch d Jnot 0 . 1 ™ 
off-season 1 aia not carry ovei the 
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SOME SOURCES OF VITAMIN C IN INDIA 

THE ANTISCORBUTIC VALUES OF THE FRUITS 


Part 11. — Contd. 


BY 

Major R C WATS, m p , p i’ « , p '« M ^ > 


AND 


Assistant Surgeon W I WHIT]!/, i v d 
(. Ftom the District Lahoratouj, Matjmyo , Itomfl ) 

[Rcccncd for publication, April 18, 1011 ] 

This investigation forms auothei cliaptci to a previous inquuv published m 
the Indian Medical Gazette (Vol LXIV, No 2, Eebruan 1929) 

The nature of this and the previous mquir) maj he classified as a ‘ loutme 
phase of a physiological research but as no enquiry of the kind has been earned out 
m India, the publication of these results may be of some interest to the dietitians 
A vast amount of work on the subject has been done m Europe and Amenca tlial 
the conclusions arrived at there are not applicable to India v ill be evident from the 
perusal of the following report It will be evident that vitamin C content of 
the various fruits differ according to the variety of the article and the cm nonment 
m which they have been grown The protective values of the identical fruits, c g , 
oranges do not correspond to the values arrived at by English woikers These 
facts have been proved by McCarrison(l), m regard to nutntwe and vitamin values 
of millet and wheat, and recently Braccwell, Hoyle and Zilve(2) have pointed out 
the marked differences m vitamin C Content of the different types of apples There 
is no doubt that vitamin C, as compared to other vitamins, seems to belong to a 
different category regarding its distribution , it may be present m abundance m one 
or two closely related varieties of fruits and absent from another, notwithstanding 
the fact that they are growing side by side ' 

( 393 ) 
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The fruits we have investigated were bought at Maymyo (Buima) being bi ought 
to the market from the siuroundmg villages They were ripe and wholesome but 
by no means of the ‘ best ’ variety from cost point of view, as our effort was to 
confine this inquiry to the articles, which the ‘ man m the street ’ could afioid for 
his domestic consumption 

It is quite possible that the supenoi quality of the fruits if used m these expen- 
ments might have proved better in their antiscorbutic properties, e g , the Kandhar 
pomegranates and Kulu pears, but they are not available m the average Indian 
town and their prohibitive cost prevents their use by the average Indian populace 
The details of the experimental work are given at the end of the paper as the 
scrutiny of these is essential to judge the methods which have been employed and 
the inferences which have been drawn 

Guinea-pigs, as usual, were used for assaying the antiscorbutic value 

A modified basal diet containing ckick-fea or gram (Cicer anetmum) 

The routme basal diet used for producing scurvy among gumea-pigs consists 
of bran and oats ad lib with 60 c c of autoclaved milk The method followed 
is similar to that of the Norwegian woikers except the addition of heated milk 
which was introduced by Chick and Hume [Join R A M C , August, 1917) to 
eliminate the complications caused by inanition and starvation We have made a 
very convenient modification by omitting the milk and substituting 30 per cent of 
crushed gram or gram meal m the usual basal diet By this addition we have not 
been able to detect any appreciable change in the special symptoms of the disease or 
its time of onset The animals on this diet have kept up their general condition 
fairly well as compared with those having milk m addition In this connection we 
have looked up the previous paper of this series as well as compared the weight of 
the control animals of othei workers and find that the diet works quite satisfactorily 
The nutritive value of gram (albuminoids 19 per cent, starch 53 per cent and oil 
4 5 per cent) is too well known to be discussed here, but it may be mentioned that 
crushed gram or gram meal has no antiscorbutic value, even though the material 
is given after soaking overnight (see Group 1, controls) We recommend the use 
of gram meal instead of the crushed gram when the animal has developed the 
‘ face ache,’ oi other symptoms of scurvy, as chewing of the gram itself is rather 
painful 

The juice or pulp of the fruit to be tested was mixed with a small quantity of 
the basal diet and served out to the gumea-pigs every morning After the animals 
had consumed this portion a liberal quantity of the basal diet was given In the 
case of orange and pomegranate juice, artificial feeding was resorted to by means 
of a pipette This was carried out to make doubly sure that the animals got the 
juice, as the results of a previous experiment where doubted, the orange having 
such a good reputation as an antiscorbutic 



7 ?. C 11 w/* »'»»»? H ^ ^ 

, i ;i„i in < 0 tin* Otllovim* r» r *«l* 

The cxpenmental animals woio * " ( 

Group 1 Control* „ Msl , nr of Ium-iii. wM 

la \ One animal on lobornton flwt umMuj 


mr. 


l<f '!< 


(o) 

and oats 

other on ciuslicd gram ■« "'Wilmii 


Two mmnnlr, one on Oie "Mini ^ ‘ 


GltoM* 1 
Control 1 ’ 



PLUS GRAM 


Group 2 Pumelos ( Ciiras deewnam) 

(Tlie fiuit is globose and orange-like but much Inrgei , is pale ellow in colour 
uith very thick peel The pulp is yellow ox crimson and contains pleasanth ncul 
juice) Four animals were put on the basal diet with \, 1, 3 and 5 cc of pumclo 
juice in addition 
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Group 3 Sweet limes (Citrus medica var limetta) 

(The fruit is oblong with thm yellow rmd, the pulp is yellowish white with 
pleasant sweet taste ) Three animals on basal diet with 1, 3 and 5 c c of sweet 
lime juice m addition 


Group 2 


Pumelos 



Group 4 Oranges 

(The variety resembles ‘ Nagpur ’ oranges sold all over India except that it is 
smaller The rind is very loose round the deliciously flavoured pulp ) Three 
animals on basal diet with 3, 5 and 10 c c of juice in addition 

Group 5 Pme-apples ( Bromeha ananas ) 

(It is a compound conical fruit borne on a short stalk with succulent fleshy and 
delicious pulp ) Three animals on basal diet with 1, 3 and 7 gm of peeled pine- 
apple chunks (not juice) m addition 
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Gnour 3. 

Swccl limes. 



1C C JUICE 3 C C JUICE 5C C JUICE 

For * plantains ’ rrnd * bnnnnns ’ 


Group 4 
Oranges 
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Group 6 Bananas {Musa paunhasca) 

(It must not be confused with plantain which is unedible unless cooked The 
fruit is about 6 inches m length, yellow m colour and has 3 or 4 longitudinal ridges 
marked on the rind ) Three animals on basal diet with 5, 10 and 15 gm of peeled 
bananas in addition 

Group 5 


Pme-apples 



I GRAMME PULP 3 GRAMMES PULP ---7 GRAMMES PULP 

The line with * diarrhcea ’ and ‘ died ’ is marked a little too far It should end 171111 ‘ died 

between 49 and 66 


Group 7 Pomegranates ( Tunica grancitum) 

(The fruit resembles the Kandhar variety except that it is smaller and the 
pulp round the seeds is whitish m colour and has rather an astringent subacid 
taste ) Four animals on basal diet with 1, 3, 5 and 7 c c of juice m addition 
Group 8 Pears ( Pyrus communis) 

(It resembles the pears sold m India but they are of a miniature size and not 
so pleasant m taste ) Three animals on basal diet with 3, 5 and 7 gm of peeled 
pears m addition 
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%rr m ton basal a.otw.tLontgra.nd.cd o£ scurvy on .1, 4« d* bav.ng 

lost about 300 gm of its initial weight 


Gnour G 

Yellow table bananas 



The animal on the basal diet, with gram included, died of seuivy on the 34th 
day having lost 160 gm of its initial weight 

In Group 2, pumelos, except for the ammal on \ c c of pumelo juice uhieh died 
of scurvy on the 52nd day of the experiment, the rest survived, steadily gaining m 
weight almost throughout the experiment 

In Group 3, sweet limes, all the animals lost weight and ultimately died The 
post-mortem revealed the usual picture of scurvy The experiment would have 
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been repeated with larger quantities of the juice if the fruit had not gone out of 
season 

In Group 4, oranges, the animal on 3 c c of the juice gradually decreased m 
weight until the termination of the expenment, i e , 40th day, when its weight had 
fallen to a quarter of the initial weight 

The animal on 5 c c of the juice steadily rose in weight until the 23rd day when 
its weight commenced to fall till the termination of the experiment, i e , G4th day, 
when it showed a weight of 280 gm as against its initial weight of 390 gm 

Group 7 


Pomegranates 



ICC JUICE 3CC JUICE. SCC JUICE. 

(For 7 c c s&e Appendix, Group 7 ) 

The upper line with the word ‘ died ’ should end above 01 


The .animal on 10 c c behaved similarly to that on 5 c c at first, but then came 
down to its initial weight remaining thence steadily at the same weight throughout 
the experiment 

It would have been desirable to continue the experiment m case of the guinea 
pigs on 3 and 5 c c of the juice, but unfortunately the fruit had gone out of season 



n c Wats and W I While 


m 


howovei wo have no doubt that the annuals would lmvo died of scmvy as the weight 

wn,s on tlie decrease day by day < ,1 oq^l 

In Group 5, pme-applcs, the animal on agm increased m weight nnlil the u8t 

day When it began to decrease in wc.ght, developed diarrhoea and died on the Doth 

day No signs of scmvy could be found at the post-mortem 


Group 8 
Pears 



The two upper lines with the word ‘ died ’ should end above 35 mid 42 respectively 


The remaining 2 animals gradually increased m weight and at the termination 
of experiment had gamed 15 gm and 120 gm respectively as compared to the 
initial weights 

Group 6, bananas, all the three animals showed an increase in weight and 
were m good condition at the end of the experiment 

In Group 7, pomegranates, it was found that 7 c c of the juice wcie insufficient 
to keep the ammals alive To test the therapeutic effect of the juice, the dose for 
the animal on 5 c c which was losing weight rapidly, was mcieased to 15 c c on 

J, MR . 
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the 44th day but to no effect The experiment was repeated with an initial dose 
of 3 c c of the juice increased to 12 c c after a fortnight and to 20 c c aftex a 
month, but no improvement resulted and the animal died on the 36th day 

In Group 8, pears, all the animals died although the amount of fruit pulp was 
increased to 10 gm on the 37th day m the case of the animal on 5 gm of the fruit 

Statement op results 

The basal diet — The basal diet with crushed gram worked very satisfactory 
as the animals tlirived well on it and did not develop any intestinal disturbances, 
only one animal having died of diarrhoea out of the total 25 experimented upon 

Pu'melos — The fruit seems to be superior m its antiscorbutic values to oiange 
and lemon, requiring 1 c c of the ]uice to prevent the development of scurvy m 
guinea-pigs 

Sweet limes — These seem to lie rather poor in their vitamin 0 content, as 5 c c 
of the juice were insufficient to prevent the animal from developing scurvy 

Oranges — These do not compare favourably with the antiscorbutic value 
arrived at by Western workers, this undoubtedly being due to the ‘ racial ’ difference 
m the species which is more allied to ‘ Nagpur ’ variety than to the c Malta 5 orange 
available m England and America The guinea-pig on 10 c c of the juice kept up 
the antiscorbutic balance but the gradual decrease of weight m the animals on 3 and 
5 c c of the juice would have terminated m death from scurvy if the experiment 
could have been continued 

Pme-apjdes — This fruit was found to be the second best of the series, the best 
being purnelo It is superior to lemon and orange juice, 3 gm of the fruit pulp 
being sufficient to keep off scurvy m guinea-pigs The fruit pulp of the ficsh fruit 
contains 60 per cent of the juice by weight so that a little over 2 c c would 
have been adequate for the purpose 

Bananas — The antiscorbutic value arrived at came, rather, as a surprise 
No quantities smaller than 5 gm were tried but this proved to be quite adequate 
for the prevention of scurvy The therapeutic effect of this fruit is evident 
from the graph of the sweet lime series When the animal receiving 5 c c of 
juice had developed symptoms of scurvy and was losing weight, the Substitution of 
banana pulp cured and prevented the disease as well as enabled the animal to 
mcicase m weight steadily 

Prescott has described the banana as a ‘ high power fuel food, worthy of being 
considered a staple article of diet ’ The composition of banana and potato show s 
an interesting similarity regarding total carbohydrates and minerals, having 
practically the same calorie value but the former has the advantage over the latter 
as it can be eaten raw thus ensuring the administration of thermolabilc vitamin G 
The poor antiscorbutic value found by Western workers is most probably due 
to the long interval between the collection and consumption of this fruit 
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Pomegranates —These wcie veiy pooi m vitamin C content, even 20 c c. proving 
useless for the purpose 

Pear s — Up to 10 gm were no good for antiscorbutic purposes. 

Evaiajatiok oi? vitamin C cons bnt 

Foi efficient use of vegetables and fruits ns antiscorbutics, if- is important to 
be aware of the amount of the vitamin present m the various food-stiifTs In spile 
of the great stndes which vitamin lesearch has made rn the last fev, years, no satis- 
factory method so far has been fixed to indicate quantitatively the presence of*this 
vitamin The relative values aie indicated usually by one or more plus signs ulnch 
gives a very lough idea of the presence of the nntiscoibutic clement The results, 
arrived at by Hess(3) wherein the average value of 1 gm of lemon puce is taken ns 
100, is undoubtedly more satisfactory but one can not calculate from the table 
given the dosage required foi an adult human being The principle of pharmaco- 
logy, to arrive at adtilt dosage, by moans of animal experiment, has not been applied 
to the vitamins as the requirements of various age gioups vary so much, and moie- 
over, under normal conditions, the vitamin requirements arc amply covered In flic 
ordinary diet The calculation may, however, serve the purpose of expressing 
quantitatively the extent of the nntiscoibutic element-, giving a better idea than 
one or more plus signs 

To arrive approximately at the result is not difficult, if i\e keep m mmd flic 
dosage required to protect a gumea-pig from scurvy and compare it v, ith flic amount 
required for a human being In case of lemon juice the amounts are 3 c c and 
30 c c respectively, i e , the ratio is 1 10, this ratio has been confirmed in Ihc case 

of orange juice and some vegetable juices Taking tins ratio as the basic principle, 
the value of the fruit and vegetables investigated by us may be expressed as 
follows — 


Names 


Fruits 


Amount required for adult human being, 
the article m question being tho on!} 
source of vitamin C 


Bananas 
Lime juice 
Orange juice 
Pears 


50 gm 
60 c c 
100 c c 

Very poor, 70 gm 
sourvy 


merely dolay onsot of 
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Names 

Amount required for adult human being, 
the article in question being the only 
source of vitamin C 

Fruits — coneld 


j 

Pine apples 

30 gm of pulp 

Pomegranate juice 

Very poor, up to 200 c c inadequate. 

Pumelo „ 

10 c c 

Sweet lime „ 

Poor, 50 c c inadequate 

Veqetables 


Melon pumpkin 

100 gm. 

Pumpkin 

100 gm 

Vegetable marrow 

150 gm 


We would like to point again that the above table is not meant to calculate the 
dosage for various ages on the same lines as the dosage of drugs an the Materia 
Medica, for a child of 8 to 10 kilos would require about half the dose of an adult 
The value is also dependent upon a variety of factors, e g , the species of fruit, and 
the influences of the environment in which it is grown , hence too rigid an adherence 
to the above values is not possible The values have been tabulated taking the 
human factor into consideration instead of that of the guinea-pig, merely to suggest 
a different, perhaps a more satisfactory method, of expressing the vitamin C of 
the various articles of food 

In the end we would like to record our thanks to the Hon’ble Major-General 
J W D Megaw, CIE, mb , ims , who encouraged us to take up the work and to 
Colonel E McCarrison, cie, id, prop, ims, from whom we received very 
valuable suggestions 


(1) McCakrison (1930) 


(2) Bbacewell, Hoyle and Zilve 


(3) Hess (1929) .. 
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APPENDIX 


Group 1. Controls 


Date 

Weight of 
animal on 
ordinary 
laboratory 
diet m 
grammes 

Remarks 

Date 

Weight of 
animal on 
usual diet 
iv i thou t 
crushed 
gram in 
grammes 

19-7-30 

370 


18-5-30 

680 

24-7-30 

300 


22-5-30 

690 

28-7-30 

340 


25-5-30 

700 

31-7-30 

330 


l-G-30 

050 

3-8-30 

330 


8-6-30 

010 

8-8-30 

350 


12-6-30 

610 


IlrMARHS 


Date 

Weight of 
animal on 
usual diet 
with crushe 
gram in 
grammes 

12-G-30 

r, io 

21-0-30 

550 

28-0-30 

550 

10-7-10 

450 

11-7-30 

.190 

O 

c-* 

1 

t- 

1 

o 

380 


10-8-30 

14- 8-30 
17-8-30 
23-8-30 
25-8-30 
31-8-30 

4-9-30 

7-9-30 

15- 9-30 
20-9-30 
25-9-30 


340 

340 

345 

365 

375 

400 

400 

400 

440 

420 

430 


19-0- 30 

28- 6-30 

29- 6-30 


Released m 
good condi- 
tion 


490 

380 

380 


Died on 10th J u ] \ , 
19 JO Post mortem 
showed li'cmorrlingci, 
subserous nnd around 
both knee joints 


Died Post- 
m o r tem 
show o d 
hicmor- 
r h a g o 8 , 
subcuta- 
neous , 
subs crous, 
and around 
joints 
espec i a 1 1 \ 
tli o knee 
joints 
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Group 2 Pumelos 


Date 

Weight of 
animal on 
lee of 
juico in 
grammes 

Remarks 

Weight of 
animal on 

3 c c of 
]uieo in 
grammes 

Remarks 

Weight of 
animal on 

5 c c of 
juice in 
grammes 

13-4-30 

660 


600 


420 

17-4-30 

600 


630 


420 

20-4-30 

000 


530 


430 

23-4-30 

020 





24-4-30 



550 


440 

28-4-30 

595 


555 


400 

1-5-30 

005 


000 


500 

6-5-30 



010 


640 

0-5-30 

036 





8-5-30 



610 


570 

11-5-30 

060 


508 


590 

15-5-30 



045 


020 

10-5-30 

005 



I 


18-5-30 



090 


670 

21-5-30 

060 





22-5-30 



720 


080 

24-5-30 

1 

000 


_ 



25-5-30 


Released in 
good condi- 
tion 

080 

Released in 
good condi- 
tion 

090 


Remarks 


28-5-30 
Released in 
good condition 
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Group 2 Pumblos. 


Date. 

Weight of 
animal on * o c 
of juico 
m grammes 

24-7-30 

COO 

2S-7-30 

590 

31-7-30 

GOO 

3-8-30 

020 

8-8-30 

025 

10-S-30 

G35 

14-8-30 

040 

17-8-30 

050 

22-8-30 

G30 

25-8-30 

020 

31-8-30 

570 

4-9-30 

525 

7-9-30 

490 

14—9 0 



R] MARKS 


Died Post-mortem Haemor- 
rhages Beon subserous and 
around both knee joints 
Costocondral junctions thick- 
ened and haemorrhagic 
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Group 3 Sweft limes 


Date 

Weight of 
animal on 

1 c c of 

Remarks 

Weight of 
animal on 

3 c c of 

Remarks 

Weight of 
animal on 
5 c c of 


juice m 
grammes 


juice in 
grammes 


juice m 
grammes 

11-9-30 

430 


470 


490 

14-9-30 

390 


470 


480 

19-9-30 

420 


465 


400 

21-9-30 

420 


470 


370 

24-9-30 

440 


510 


365 

2-10-30 

440 


490 


420 

9-10-30 

1 390 


410 


420 

12-10-30 

650 


430 


410 

16-10-30 

280 

Put on 2 c c 

360 1 

Put on 6 c c 

370 

18-10-30 


Died Post 
m o rtf m 




19-10-30 

24-10-30 


subserous 
haemorrhages, 
sup rarenals 
enlarged and 
luemorrhagic 

380 

410 

Put on 15 gm 
o f banana 
pulp 

350 

310 

26-10-30 



410 


290 

30-10-30 



430 


280 

2-11-30 



400 



6-11-30 



420 



9-11-30 



130 



13-11-30 



500 



14-11-30 

i 


• 

Released i n 
good condi- 
tion 



Remarks 


Put on 10 c c 


Hind logs 
seem painful 
on move- 
ment Put 

on 20 c c 


Died 1 11 30 
Post mortem 
liremorrhag o s 
around joints, 
su bserouB 
haemorrhages 
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Gnoux* 4 Ohano.es 


I 

Date 

iVciglifc of 
umvml on 

3 c c of 

Ri Minus 

Date 

IrfM ■ 

ID maiiks 

Date 

W( iglit of 
animal on 
10 cc of 

Rl MAUKS 


juice m 



juice m 



JI1ICC 111 



grammes 



grammes 



grammes 


31-12-30 

380 


6-12-30 

100 


15-11-30 

350 


1-1-31 

370 


11-12-30 

410 


20-11-30 

300 


5-1-31 

370 


14-12-30 

4 10 


23-11-30 

380 


8-1-31 

365 


18-12-30 

450 


27-11-30 

380 


11-1-31 

320 


21-12-30 

500 


20-11-30 

300 


15-1-31 

320 


20-12-30 

450 


4-12-10 

290 


18-1-31 

300 

Put on 

2-1-31 

400 


7-12-30 

130 




15 c c 







22-1-31 

320 


5-1-31 

380 


11-12-30 

350 


26-1-31 

280 

Put back 

8-1-31 

355 


14-12-30 

300 




on 3 c c 







29-1-31 

280 


11-1-31 

325 


18-12-30 

370 


1-2-31 

260 


15-1-31 

315 


21-12-30 

375 


5-2-31 

240 


18-1-31 

300 


29-12-30 

385 


9-2-31 

210 

Released m 

22-1-31 

330 


2-1-31 

350 




very poor 








condition 

26-1-31 

340 


7-1-31 

335 





29-1-31 

300 


10-1-31 

350 





1-2-31 

300 


14-1-31 

325 





5-2-31 



17-1-31 

315 





9-2-31 


Released m 

21-1-31 

315 







poor con- 
dition 

25-1-31 

360 








28-1-31 

350 








31-1-31 

300 








4-2-31 

360 








7-2-3] 

340 

Released 









Jn good 
co n d i 
tion 
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Group 5 Pine-apples 


Date 

Weight of 
animal on 

1 gm of 
pulp in 
grammes 

Remarks 

Weight of 
animal on 

3 gm of 
pulp in 
grammes 

Remarks 

Weight of 
animal on 

7 gm of 
pulp m 
grammes 

Remarks 

9-7-30 

530 


570 


440 


24-7-30 

450 


500 


370 


28-7-30 

600 


550 


400 


31-7-30 

520 


560 


415 


3-8-30 

530 


570 


430 


8-8-30 

500 


580 


450 


10-8-30 

570 


GOO 


4G0 


14-8-30 

750 


G20 


480 


17-8-30 

580 


020 


490 


22-8-30 

000 


G45 


510 


25-8-30 

j COO 


650 


525 


31-8-30 

540 


G60 


5*50 


4-9-30 

515 


G30 


535 


7-9-30 

r[ 

9-9-30 

450 

Diarrhoea 

G26 


550 


11-9-30 

14-9-30 

19-9-30 


Died Post 

mortem 
showed signs 
of scurvy 
Circular areas 
of necrosis 
seen under 
the subscr- 
ous coat of 
the intestine 
Descendi n g 
colon dis 

tended 

590 

585 

Released in 
good condi 
tion 

GOO 

560 

Releasd in 
good coi di 
tion 
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Group G Ylllow table bananas 



Weight of 
animal on 
5 gm 
of pulp 
m 

grammes 


31-7-30 


3-8-30 


8-8-30 


10-8-30 


14-8-30 


17-8-30 


22-8-30 


25-8-30 


1-9-30 


4-9-30 


7-9-30 


14-9-30 


19-9-30 


Rem auks 



19-7-30 


24-7-30 


28-7-30 


31-7-30 


3-8-30 


8-8-30 


10-8-30 


14-8-30 


17-8-30 


22-8-30 


25-8-30 


31-8-30 


Rele a s e'd 4-9-30 
in good 

cond'tion n _ g _ 30 


12-9-30 


17-9-30 


18-9-30 


19-9-30 


23-9-30 


Weight of 
animal on 
10 gm 
of pulp 
in 

grammes 


Rj MAllKS 



We iglit of 
nnimnl on 
15 gm 
of pulp 
m 

grammes 


Rl MARKS 


21-10-30 
24-10-30 
20-10-30 
30-10-30 
2-11-30 
0-11-30 
9-11-30 
13-11-30 

17- 11-30 
20-11-30 
23-11-30 
27-11-30 
29-11-30 

4-12-30 

Put on 20 7-12-30 

gm 

11-12-30 

Put back 14-12-30 
on 10 gm 

18- 12-30 

Rel e a s e d 21-12-30 
m good 
condition „„ , „ 

27-12-30 
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Group 7 Pomegranates. 


Date 

Weight of 
animal on 

1 c c of 
juice in 
grammes 

Remarks 

Weight of 
animal on 
3 c c of 
juice in 
grammes 

Remarks 

Weight of 
animal on 
5 c c of 
juice m 
grammes 

Remarks 

19-7-30 

450 


620 


740 


24-7-30 

360 


550 


600 


28-7-30 

385 


535 


670 


31-7-30 

400 


530 


665 


3-8-30 

395 


520 


700 


8-8-30 

420 


440 


740 


10-8-30 

440 


390 


760 


14-8-30 

400 


330 

Died 15 8 30 

775 






H ro m o r - 



17-8-30 

390 



rhages m 

790 






l n t e s tmal 



22-8-30 

355 

Movement of 


subs erous 

800 




hind legs 


coat, costo 





1 seems limit 


c o n d r a 1 





ed Start- 


lunct ions 





ed on lucero 


S uprarenals 





grass 


enlarged and 



25-8-30 

340 



h s mor 

800 






r li a g 1 c 



30-8-30 


Animal seems 


Stomach full 





brighter 


of lnemor 

750 


31-8-30 

280 

Died Post 


rhagic fluid 





mortem n o 


Another 


Put on 15 c c 



evidence o f 


animal was 



2-9-30 

* 

scurvy 


fed on initial 







amount 

710 


4-9-30 




of 3 c c , 







inc reased 

690 


7-9-30 




to 12 c c 







after a fort 

555 

Put on 20 c c 

14-9-30 




nig h t a n d 


pumelo juice 





again to 20 







c c after a 


Put on green 

15-9-30 




month, but 


vegetables 





d i d n o t 

500 


19-9-30 




survive 







Died o f 


Died on 24 9 

24-9-30 



% • 

scurw o n 


31 Hicmor 





the 36th 


rhages seen 





day 


m serous 







coat of 







b] adders, 







stomach and 







i n t es 1 1 ne 







S u prnrenals 




i 



h'emorrbagic 
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Result of expel iment on the animal on 7 c c of the juice in addition to 
basal diet — 


Initial weight 

Duration of 

Ultimate 

Condition of nnnnnl on termination 

experiment 

weight 

of experiment 

500 gin 

37 dijs 

170 gm 

Verj poor Mmcinents of lunil legs 



painful 


Group 8 Pears 



Weight of 


Weight of 


Weight of 


Date 

animal on 


animal on 


animnl on 


3 gm of 

Remarks 

5 gm of 

Rl MARKS 

7 gm of 

Rt MARKS 


pulp m 


pulp 111 


pulp in 



grammes 


grammes 


grammes 


10-8-30 

400 


400 


170 


14-8-30 

420 


420 


500 


17-S-30 

420 


440 


520 


22-8-30 

400 


450 


510 


25-8-30 

300 


400 


550 


31-8-30 

4-9-30 

300 

Died Post- 
mortem 

190 


530 



teeth loose, 
haemorrhages 

400 


490 

1 

7-9-30 


around joints 
m subcutan 

400 


480 


14-9-30 


eons tissues 
Sciatic nerve 
shows degen 

420 


400 

I 



16-9-30 


eration 


Put on 10 gm 


Died 17-9-30 

19-9-30 



380 



Post mortem 

21-9-30 



350 



haemorrhages 
around joints 

23-9-30 




Di c d Post 


H oe m nturen 
Haemorrhages 





m o r t o m 


m subscrous 





subscrous 
haemorrhages 
of b 1 a d d or 


coat of 

bladder and 
intestino 





and intestine 
Haemorrhages 
around knee 
joints 
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ADDICTION TO ‘ DOST ’—UNLANCED CAPSULES OE 
PAP AVER SOMNIFERUM 


Part II. 

COMPOSITION OF LANCED AND UNLANCED CAPSULES 

BY 

Lieut -Colonel R N CHOPRA, ma.md (Cantab ), ims, 

AND 

N N GHOSE, b a , 

Reseat eh Chemist, Indigenous Drugs Inqmty 

Drug Addiction Series No 12 

[Received for publication, April 20, 1931 ] 

IN a previous paper on Addiction to ‘ Post unlanccd capsules of Pajtaicr 
sommferum — the symptoms and effects produced in those who indulge m this drug 
habitually were fully described The method of preparation of the beverage and 
mode of its consumption by the addicts were also discussed Usually 3 or 4 full- 
grown capsules are Soaked m water for a fe\v hours rtnd aie macerated and rubbed 
with fingeTs The decoction thus prepared when taken is quite sufficient to produce 
intoxicating effects The effects produced by the beverage thus prepared are some- 
what different from those produced by opium It was therefore necessary to find 
out if the alkaloids contained m the capsules were the same as opium and if so the 
variations m their quantities We were unable to find any record m the literature 
excepting a very 'old note by Lyons of Rombay (1879) who deteimmed the total 
amount of alkaloids m poppy capsules obtained from Malwa More recently 
Mossier [Pharm Zeit , 1914, 59 , 600) studied the amount of morphine only m 
specimens of poppy capsules grown m Europe No work appears to have been 
done on this subject and we undertook a number of analyses to work out the 
proportions of alkaloids We reahzed from the beginning that the subject is vciy 
vast and unless one carries out a considerable number of estimations on samples 

( 415 ) 
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of opium, as well as ripe and unripe, lanced and unlanced poppy capsules grown 
in the same locality, it would be difficult to come to any general conclusions 
The separation and estimation of the different alkaloids is also beset with 
difficulties as the quantity of many of them is very small For this reason our 
attention was confined to the estimation of the mam alkaloids only It must 
also not be forgotten that the constituent alkaloids of opium are present m 
different proportions at different stages m the life history of the poppy plant 
These variations are due to the changes m the alkaloids during metabolism, to 
the action of the ferments and enzymes present m the plant or to other 
biochemical changes Again, the constituent alkaloids of opium differ widely 
m their proportion m the produce of different localities Therefore to get an 
exact idea as to whether the proportion of the different alkaloids present m opium 
are the same as are obtainable from poppy capsules (ripe or unripe) lanced or un- 
lanced, estimations of the total and the mam constituent alkaloids of capsules of 
different localities and m different stages of their growth, as well as of the samples 
of opium collected fro'm the same plot seems to be necessary 

There is no suitable method for the estimation of the total alkaloids of opium, 
much less of the capsules It is for this reason that the criterion with which the 
different pharmacopoeias have to be satisfied i's merely the estimation of morphine — 
pharmacologically the most active alkaloid of opium — t'o lay down the standard of 
quality of this drug and its preparations It has, however, been found that all the 
alkaloids of opium possess a certain amount of physiological activity and unless a 
suitable method for the determination of the total alkaloids is forthcoming the 
assay of opium will remain unsatisfactory The feeling that estimation of morphine 
alone does not correctly indicate the medicinal value of opium has been growing 
in recent years and has given rise to what is called £ normal opium, 5 which is stan- 
dardized for its four important constituents, viz ,< morphine 12 per cent, narcotine 
6 per cent, codeine 1 peT cent and mecomc acid 5 per cent In this paper w r e give 
the results of analysis of a number of samples which were examined with a view to 
explain the variations in the symptoms produced 

Extraction of the alkaloids 

The following method of extraction and isolation of the total alkaloids from 
poppy capsules was adopted This method, though it cannot be said to give 
absolutely correct results, is satisfactory for all practical purposes — 

The air-dried capsules (without seeds) were coarsely powdered and then extrac- 
ted with hot 90 per cent alcohol in an extraction apparatus till complete exhaustion 
When 10 c c of the last portion of the alcoholic extract gave no residue nor any 
appreciable precipitate with Mayer’s reagent, the alcohol was distilled off The 
semi-solid extract was then mixed wnth water, warmed for some time to remove the 
last trace of alcohol The residue was then extracted with fresh portions of hot 
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water and finally with 1 per cent hydrochloric acid till the Inst portion of the acid 
extract gave no precipitate with Mayci’s reagent The whole of the solution Mas 
then filtered oft, concent] a ted if too bulky, and tiented with a little petroleum ether 
in a sepaiatoi to remove fats, etc No alkaloid was found m the ether and it was 
rejected The acid solution was then divided into two portions and tiented in the 
two following ways In the fust place it was made alkaline with NJI|OH till 
complete precipitation and kept overnight The precipitate was then filtered on a 
counterpoised filtci paper and washed thoioughly, dried and weighed The filtrate 
and the washings were again made just acid with dilute HC1, shaken up with excess 
of chloroform, made alkaline again with dilute NaOH and vigoiously shaken This 
treatment with chloroform was repeated seveial times till the last portion of the 
chloroform solution left no appreciable icsidue nor responded to the Mayei s test 
The whole chlorofonn solution was then washed with a little water in a separator, 
filtered and distilled The wniglit of the precipitate together w it li the weight of the 
residue obtained fiom chloiofoim gives the amount of total alkaloid 51 When the 
amount of morphine is high the first method is preferable to expedite operation, blit 
when the morphine content is low, as m the ease of the capsules, and the alkaloid is 
freshly precipitated 4 to 5 times m the presence of chlorofoim, no loss of morphine 
need be feared It has been found that water extracts the whole of the alkaloids 


Table I 

Total alkaloids ( unla’nced and lanced capsules) 


Weight in ! Alcoholic ext 
grammes per cent 


200 

1,000 

200 

1,000 

200 

1,000 

200 


1,600 

200 

(average size) 


7 96 


9 0S 


9 76 


8 31 


Total alkaloids 
per cent 


0 74 
0 44 
0 01 
0 56 
0 605 
0 58 
) 22 
0 187 
0 150 


Localities 


Remarks 


Lyalpur 
J Jnllandlinr 


Hoslnarpur 


Ghazipur 


Unlanccd 


Lanced 


ztz mou eh 7 t tl r precip,,nt ° 

chloroform une " lth -NihOH and taken up mth 

J, MR 


5 
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from the alcoholic extract and no use of acid is necessary Similarly, the whole of 
the alkaloids m the capsules can be extracted by means of maceration and 
squeezing with 4 to 5 changes of water and thus the ‘ Sherbat ’ or decoction 
prepared by the addicts contains nearly the whole of the alkaloids present m the 
capsules 

In all the above estimations the selected dry capsules (each weighing not less 
than 3 grammes) were taken Samples weighing less than 2 grammes gave not 
more than 0 2 per cent of total alkaloids 

From a perusal of the table it will be seen that on an average there is about 

0 4 to 0 6 per cent of total alkaloids m the unlanced capsules and from 0 1 5 to 0 22 m 
selected lanced capsules If the Ghazipur lanced capsules are taken as a 
typical example it would appear that about one-third of the total alkaloids 
remains m the capsules after removing the inspissated 3 ince by lancing Dr) 
opium, when treated as above, gives on an average 30 per cent of crude alkaloids 
(see also ‘ The Total Alkaloids of Opium ’ by J N Rakslnt) and if v e calculate 

1 gramme of crude alkaloid equal to 3 grammes of opium, it can be stated that 
nnlanced capsules contain about 2 grammes (30 grains) and lanced capsules 
about 0 6 gramme (9 grains) of dry opium per 100 grammes (or 25 to 30 capsules 
without seeds) Computnig in this way it may be said that 3 or 4 capsules 
may contain as much as 6 grams of ordinary opium which would be quite 
suffic’ent to pioduce intoxicating effects It is possible that the large amount 
of watei with which the capsules are taken helps m quick absorption and 
stronger effects It is premature to assert definitely any relationship between 
the proportion of the alkaloids m the lanced and unlanced capsules without 
examining both kinds of the same locality, but there is no doubt that a fair 
quantity of alkaloids remain in the capsules after lancing As regards the 
mam alkaloids (viz , morphine, narcotine and codeine) present m the capsules, 
various methods of separation and estimation, both from the crude alkaloids 
obtained from the capsules as well as from the extract, were tried The 
following is an outline of the method which gave satisfactory results — 

As already observed, water extracts nearly the whole of the alkaloid from an 
alcoholic extract, 2 kilos of the dned capsules were first exhausted with hot 90 per 
cent alcohol The alcohol was distilled off and the residue was extracted uith 
hot water several times, filtered and the whole solution made up to 1,000 c c 
Aliquot parts of 250 c c , 100 c c , 100 c c of the solution representing 500, 200, 200 
grammes of capsules were evaporated to dryness and the quantity of morphine, 
narcotme and codeine was respectively determined m the residues For the 
estimation of morphine in all the samples excepting the Ghazipur (lanced qnes), 
the B P method modified by A B Stevens was followed This method was not 
very suitable for the lanced capsules as the amount >of morphine is very small , 
Eaton’s Assay Method for Camphorated Tincture Opn (Bxnecm of Chennsliy Bid! , 
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1911, 37, 188) was theiefore adopted The estimation of naicotme — the lesiduc 
obtained by evaporation of the second aliquot poition (100 c c ) was dissolved in 
dilute liydrocklonc acid, filtered, any large excess of a'cid with sorlium carbonate 
neutralized and to it was then added a donccntiated solution of sodium acetate 
It was then filtered after keeping it overnight and washed lightly The pi ccipitate 
on the filter paper was treated with dilute hvdiochlonc acid and wanned on the 
water-bath till it dissolved, the solution filtered, the filter papci washed The 
whole of the acid solution was then transferred to a separator, made slightly 
alkaline with ammonia and again faintly acid with acetic acid and then well 
shaken with benzene several times The benzene solution was then washed 
with a small quantity of water, then distilled and finally evaporated to dryness 
The residue, the whole of which ciystalli/ed at once fiom alcohol, weighed, gives 
the amount of naicotme 

The codeine was estimated accoiding to the method suggested by 
Mr Rakshit ( Analyst , December 1921) fiom another 100 c c of the aliquot portion 


Table II. 


Locality 

Per cent 
morphine m 
capsules 

Per cent 
morphine 
in total 
alkaloid 

Per cent 
narrotino 
in capsules 

Per cent 
nareotine 
in total 
nlknloul 

Codeine m 
cnpsules 

Per cent 
codeine 
in total 
nlknloid 

Lyalpur 

0 042 

60 

0 205 

31 

0 11 

IS 3 

JJ 

0 04S 

80 

0 182 

30 

0 102 

17 1 

Jullandhar 

0 031 

4 6 

0 140 

24 

0 0S4 

14 

99 

0 025 

3 6 

0 12S 

23 

0 071 | 

128 

Hoshiarpur 

0 126 

21 1 

0175 

3o 

0 07S 

| 15 2 

99 

0 141 

24 3 

0 168 

33 

0 0S2 

10 

Ghazipur (lanced) 

0 016 

68 

0 061 

27 

0 032 

14 5 

99 

Opium (average com 
position) 

0 011 

: 54 

30 

0 063 

29 

30—45 

0 030 

13 0 

12-15 
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If we take the proportion of total alkaloids m crude opium to be 1 3 the 

calculated result m the capsules compared with crude opium would he ns 
follows — 

Table III 



Per cent of 
moi plane 

Per cent of 
narcotme 

Per cont of 
codeine 

Lyalpur 

9 9 

11 3 

61 

»> 

2 C 

10 

5 7 

Jullandliar 

1 5 

8 

40 

Jf 

1 2 

76 

4 2 

Hoshiarpur 

7 

11 6 

5 06 


8 1 

11 

53 

Ghazipur (lanced) 

2 2 

9 

48 

Opium (average com 
position) 

10 

10—15 

4—5 


Comparing the percentages of morphine, narcotme and codeine present in the 
total alkaloids of the poppy capsules with those of the same alkaloids as are 
generally present m the alkaloids of opium, we find that the amount of morphine 
is far below, while that of narcotme and codeine are never lower, if not higher 
than the average amount of these alkaloids present m opium The only 
exception is the Hoshiarpur samples m which the above-mentioned alkaloids do 
not show much variations from those of the average quantities present m opium 
Most probably this is due to the fact that the capsules must have been plucked 
when fully developed and ready for the lancing operation (i e , were not allowed 
to ripen) and so further changes m the alkaloidal content have been prevented 
The fact that there is a deficiency of morphine in the fully ripe poppy capsules 
was also observed by Mossier, who stated ‘ that there is a considerable 
diminution of morphine from 0 1369 per cent m air-dried capsules falling to 
0 053 per cent in ripe capsules 5 ( Phaim Zeit , 1914, 59, 600) Another fact 
observed is that the percentage of the total alkaloids in the capsules, thougli 
of different localities, lies within narrow limits 

Discussion 

It is well known that activity of opium depends on the alkaloids it contains, 
of which as many as twenty have been isolated With regard to the chemical 
composition and pharmacological action they all fall under two groups 
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(1) Those containing phcnanthicne nucleus rcpicscntod by moiphmo, codeine, 
tliebame, and five aitificial alkaloids heroin, dionme, pciomne, npomorphmc, 
and apocodeme (2) Those containing the iso-quinolmc nucleus winch is 
present m naicotmc, papaverine and narcinc The average sample of tol.il 
alkaloids contains m 100 paits (a) moiplnnc G2 parts, codeine 3 parts, thcbninc 
3 25 parts and ( b ) naicotmc 22 parts, papavenne 3 5 parts, narcinc 1 0 paits, the 
balance are the other alkaloids 

The chief action of these alkaloids is on the neivous system, their cflccfs on 
other structures being mainly liiduect Gcncially the natuial plicnanthrcne 
alkaloids act chiefly on the ncivons system and the iso-qumolme alkaloids 
more stiongly on the autonomic system The action of opium is so denominated 
by that of morphine as to coincide with it in the main The iso-quinoline 
alkaloids merely modify the action of the total drug by their relaying effect on 
the smooth muscles and their sedative effect on the autonomic system Opium 
is thus more constipating than moiplune and is mote effective on painful 
spasmodic affections of the smooth muscles 

The alkaloids of opium are more or less narcotic and convulsant in their 
action but the lattei gioup occur m smaller quantities and their action is 
dominated by the former group The exact differences between the action of 
morphine, opium and other mixtures of alkaloids introduced in therapeutics 
(eg, pantopan, narcophme, etc ) bare not been worked out It is known that 
narcotine, which is not a veiy active alkaloid, increases the toxicity of morphine 
and codeine The differences m the symptoms and effects pioduced by opium 
and poppy capsules can all be explained by laige quantities of narcotine and 
codeine which are contained in them 
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Introduction 

The present woik was undertaken originally with a view to note the changes of 
viscosity of the serum from the blood of kala-a/ai patients with the course of mice - 
tions of antimony preparations, and to see when this property approaches its norm .1 
value during the treatment As the measurement of viscositv of serum is verv 
simple, we thought that it would be advantageous to use this property as diagnostic 
of the end point nr the cure of kala-azar during the course of the treatment ° Such 
serological cure point has already been established by Lloyd and Paul n<mv nn n 
bus, of the albumin globulin ratio and flic cuglobulm content „ri 1 f e Tu 
simply to supplement their results with a simpler and mucker ! 

unfortunately almost all of the patients left the hospital befoie tlm ^ ^ 

Its norma, aspect and thus, though the 

intervals for about two mouths, in most of oui cases IC f lal 

treatment, the value for viscosity of the seium did not , 16 e ° Jllnin S or * the 

Simultaneously, with "T” 1 '* 5 ’ 

the formolge, reaction Hi view of the 

\ 4A<3 ) 
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Graphs 7 — 11 


Graphs G— K 
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Arrow from the X-axis denotes the first date of * 

X denotes tune of complete opacity i njection 

. denotes time of gelation j m Graphs A to K 
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times of gelation and of complete opacity, we thought these lesults to be 
worth communicating Incidentally, the cause of the foimation of these 
proteins has also been discussed m the light of blood counts during the course 
of the tieatment m some of the cases 

Experimental 

The technique for measurements of viscosity and times of gelation and complete 
opacity has been described m oui pievious papers (1929a <fe b) The results aie all 
graphically represented Graphs 1 to 11 show the change of viscosity with the 
couise of treatment with the pentavalent antimony preparations Giaplis A to K 
represent the times of gelation and complete opacity with the tieatment and coires- 
pond to viscosity Graphs 1 to 11 respectively An arrow from the X-axis shows the 
date of the first injection The patients chosen were all horn Dr L E Napier s 
kala-azar ward m the Carmichael Hospital for Tropical Diseases, Calcutta, and in 
each case leishmania had been demonstrated m the peripheral blood by spleen 
puncture The method of treatment adopted was pentavalent antnnomal pre- 
parations by intravenous injections m increasing doses , m the first three cases the 
method consisted of two courses of four injections on consecutive days and 
the interval between them was about a week , for the rest a concentrated course 
for six consecutive days was followed 

Discussion 

The curves for viscosity (except Graph 3) show that the viscosity of sera do not 
in some cases change appreciably with the course of the treatment for about two 
months and m others practically remains constant and in both cases is always above 
the noimal Graph 3 shows a decided rise m its value, but this w as an abnoimal 
case and its corresponding formolgel reaction (Graph C) shows that time of complete 
opacity also diminished Clinically this was actually a case of relapse and the 
abnormality m viscosity and formolgel reaction is thus explained The other 
three cases (Graphs 1, 2, 9 and A, B, G), though not abnormal to such an extent, 
show a poor response to treatment so far as it can be gathered from the viscosity 
values and the times of gelation and complete opacity It should be borne in 
mind that m the first three cases (1, 2, 3, A, B, C) the method of treatment wars 
dilfeient from the rest and this method has alieady been found to be inferioi to 
a concentrated course of injections for six consecutive days by Llojd, Napiei 
and Paul (1929), l e , the onset of cuie comes off at a later stage Besides 
this, clinically the progress of the patient (Graphs 2 and B) was not satisfactory, 
while that of the other one (Graphs 3 and C) was not particularly good 
The fourth patient (Graphs 9 and I) had a concentrated course of six injections 
of ammo-stiburea and his clinical progress was apparently satisfactory , but he 
had also anaemia and therefore his case cannot be strictly compared with other 
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cases of kala-azai Foi the icst the clinical piogicss was good and is m agi cement 

with the lcsnlts obtained , 

The icasoii foi the value of the viscosity leinainmg constant is not lai to seclc 

m the light of the lesults on the piotcm contents ahead) published by Lloyd and 
Paul ( loc ext ) It is well known that viscosity mainly depends on the concentia- 
tions of the piotems in the scium, while the otliei constituents have only a slight 
effect These authois have pointed out that, on the first stage, the pseudoglobulin 
shows ail enoimous and veiy lapid fall, wdiile the albumin shows an equally sudden 
rise, so that the lowering of the viscosity due to the founei is compensated by its 
mciease due to the use m the latter constituent At the second stage, however, 
the albumin content lemams constant, wdieieas the pscudoglobulm mcieases 
and the euglobuhn decicases, so that \iscosit) ought not to diminish much 
Mass foi mass, the viscosity of euglobuhn is higher than that foi pscudoglobulm, 
but the rise m the conccntiation of the founei might be gi eater than the fall 
in the concentration of the lattei , wlieie this does not take place the viscosity 
should diminish and at a latei stage we find a tendency for this piopcrty to 
diminish, though we have not been able to pioceed with any case more than 
two months 

Comparing these curves with the times of gelation and complete opacit) it is 
found that m general there is no close agi eement although t lie gelation time remains 
constant for about twenty to tlinty days fiom the beginning of the tieatment The 
time of complete opacity, however, begins to mciease much carliei than the time of 
gelation in each and every case This constant slower appearance of opacity after 
gelation suggests that the formation of opacity is not the primary icaction when 
formalin is added to the kala-azar scium, but obviously a piocess sccondar) to 
gel-formation The authors m a previous papei (1929a) have shown that foi a 


paiticular kala-azar serum, there is a definite pH at wdnch the time of gelation and 
complete opacity are minimum In some cases they occui at the pH value G 9 and 
in otlieis at the pH value 7 27 Also the rate of decrease of opacit) is much gicatci 
than the rate of decrease of gelation on the alkaline side, whereas the late of decrease 


of gelation is greater than the rate of deeiease of opacit) on the acid side The 
difference m the rate of variations of these two times points sti ongly to the surest ion 
that gel-formation and development of opacity are caused by two differ cut proteins, 
but the coincidence of the pH value of the minimum times of gel-foimation and 
opacity suggests that both the processes are due to one and the same piotem But 
tlua same minimum pH value of both the processes was explained by assuming that 
during the process of gel-formation, a large quantity of water is absorbed by the gel 
and therefore this process of gelation helps the secondary process of precipitation of 
the other proteins, specially englobnlin The above fact, that opacity comes ah ays 

mentioned, 13 " *° geIatm the the views just 
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tunes of gelation and of complete opacity, we thought these lesults to be 
worth communicating Incidentally, the cause of the formation of these 
proteins has also been discussed in the light of blood counts dmmg the course 
of the treatment m some of the cases 

Expekimental 

The technique for measurements of viscosity and times of gelation and complete 
opacity has been described m 0111 previous papeis (1929a & b) The lesults are all 
graphically represented Graphs 1 to II show the change of viscosity with the 
course of treatment with the penta valent antimony preparations Giaphs A to K 
represent the times of gelation and complete opacity with the treatment and corres- 
pond to viscosity Graphs 1 to 11 respectively An arrow from the X-n\is shows the 
date of the first injection The patients chosen weie all fiom Dr L E Napiers 
kala-azai ward m the Carmichael Hospital for Tiopical Diseases, Calcutta, and in 
each case leishmania had been demonstrated rn the peripheral blood by spleen 
puncture The method of treatment adopted was pentavalent antimonial pre- 
parations by intravenous injections m increasing doses , m the first three cases the 
method consisted of two courses of four injections on consecutive days and 
the interval between them was about a week , for the rest a concentrated course 
for six consecutive days w r as followed 

Discussion 

The curves for viscosity (except Giaph 3) show that the viscosity of sera do not 
in some cases change appreciably with the course of the treatment for about two 
months and m others piacticalty 1 emams constant and in both cases is always above 
the noimal Graph 3 shows a decided use m its value, but this was an abnoimal 
case and its corresponding formolgel reaction (Graph C) show's that time of complete 
opacity also diminished Clinically this w r as actually a case of relapse and the 
abnormality m viscosity and formolgel reaction is thus explained The other 
tlnee cases (Graphs 1, 2, 9 and A B, G), though not abnormal to such an extent, 
show a poor response to treatment so far as it can be gathered from the viscosity 
values and the times of gelation and complete opacity It should beboincin 
mind that in the fiist tlnee cases (1, 2, 3, A, B, C) the method of treatment was 
different from the rest and this method has alieacly been found to be infcnoi to 
a concentrated couise of injections for six consecutive days by Lloyd, Napiei 
and Paul (1929), l e , the onset of cuie comes off at a later stage Besides 
this, clinically the progress of the patient (Graphs 2 and B) was not satisfactory, 
while that of the other one (Graphs 3 and C) was not particularly good 
The fourth patient (Graphs 9 and I) had a concentrated course of six injections 
of ammo-stiburea and his clinical progress was apparently satisfactory , but he 
had also ancemia and theiefore his case cannot be strictly compared with other 
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cases of kala-azai Foi the lest the clinical piogiess was good and is m agi cement 
with the xesnlts obtained 

The reason foi the value of the viscosity icmaining constant is not foi to seek 
mthe light of the lesults on the piotcm contents already published by Lloyd nnc 
Paul (loc cii ) Jt is veil known that viscosity mainly depends on the conccntia- 
tions of the proteins m the sciuin, while the other constituents have onl> a slight 
effect These authors have pointed out that, on the fust stage, the pseudoglobulin 
shows an enoimous and verj rapid fall, while the albumin shows an equally sudden 
rise, so that the lowcnng of the \ iscosity due to the formci is compensated by its 
mciease due to the use m the latter constituent At the second stage, howevei, 
the albumin content remains constant, vhcieas the pscudoglobulm mcicases 
and the euglobuhn deci eases, so that viscosit) ought not to diminish much 
Mass for mass, the viscosity of euglobuhn is higher than that foi pscudoglobulm, 
but the rise m the concentration of the foimcr might be greatei than the fall 
in the concentration of the lattei , wlieie this does not take place the nscositr 
should diminish and at a later stage we find a tendency for this property to 
dimmish, though ive have not been able to proceed with any case more than 
two months 

Comparing these cuives with the times of gelation and complete op.icit} it is 
found that m general there is no close agi cement although the gelation time remains 
constant for about twenty to tlinty days from the beginning of the treatment The 
time of complete opacity, howevei begins to increase much earlier than the time of 
gelation m each and every case This constant slower appearance of opacity after 
gelatron suggests that the formation of opacity is not the primary reaction when 
formalin is added to the kala-azar seium, but obvrousb a piocess sccondar} to 
gel-formation The authors in a previous paper (1929«) have shown that for a 


particular kala-azar serum, there is a definite pH at which the time of gelation and 
complete opacity are minimum In some cases they occur at the pH value 0 9 and 
in others at the pH value 7 27 Also the rate of decrease of opacity is much greatei 
than the rate of decrease of gelation on the alkaline side, whereas the late of dccic.ise 


of gelation is greater than the rate of decrease of opacity on the acid side The 
difference m the rate of variations of these two times points strongly to the su<"r eb t, on 
that gel-formation and development of opacity are caused by two difieient proteins, 
but the coincidence of the pH value of the minimum times of gel-formation and 
opacity suggests that both the processes are due to one and the same protein But 
this same minimum pH value of both the processes was explained by assuming that 
during the process of gel-formation, a large quantity of water is absoibed by the cel 
and therefore this process of gelation helps the secondary process of precipitation of 
the other protems speeiaHy euglobnlin The above fact, that opacity comes always 

mention^ 7 ° gelat ‘° n W ‘ th views just 
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times of gelation and of complete opacity, we thought these lesults to he 
worth communicating Incidentally, the cause of the formation of these 
piotems has also been discussed in the light of blood counts during the course 
of the treatment in some of the cases 

Experimental 

The technique for measurements of viscosity and times of gelation and complete 
opacity has been desenbed m our previous papers (1929a & b ) The lesults arc all 
graphically represented Graphs 1 to 11 show the change of viscosity with the 
couisc of treatment with the pentavalent antimony preparations Giaphs A to K 
represent the times of gelation and complete opacity with the treatment and coires- 
pond to viscosity Graphs 1 to 11 respectively An arrow from the X-axis shows the 
date of the first injection The patients chosen were all from Dr L E Napier s 
kala-a^ar ward m the Carmichael Hospital for Tiopical Diseases, Calcutta, and in 
each case leishmania had been demonstrated m the peripheral blood by spleen 
puncture The method of treatment adopted was pentavalent antimomal pre- 
parations by intravenous injections in increasing doses , m the first three cases the 
method consisted of two courses of four injections on consecutive dajs and 
the interval between them was about a week , for the rest a concentrated course 
for six consecutive days was followed 

Discussion 

The curves for viscosity (except Giaph 3) show that the viscosity of seia do not 
in some cases change appieciably with the course of the treatment for about two 
months and m others practically i emams constant and m both cases is always above 
the normal Graph 3 shows a decided use m its value, but this was an abnoimal 
case and its corresponding formolgel reaction (Graph C) shows that time of complete 
opacity also diminished Clinically this was actually a case of relapse and the 
abnormality m viscosity and formolgel reaction is thus explained The other 
tlnce cases (Graphs 1, 2, 9 and A, B, G), though not abnormal to such an extent, 
show a poor response to treatment so far as it can be gathered from the viscosity 
values and the times of gelation and complete opacity It should be home in 
mind that m the first three cases (1, 2, 3, A, B, C) the method of tieatment was 
diifeient from the rest and this method has already been found to be interim to 
a concentrated course of injections for six consecutive days by Lloyd, Napiei 
and Paul (1929), l e , the onset of cuie comes off at a later stage Besides 
this, clinically the progress of the patient (Graphs 2 and B) was not satisfactory, 
while that of the other one (Graphs 3 and C) was not particularly good 
The fourth patient (Graphs 9 and I) had a concentrated course of six injections 
of ammo-stiburea and his clinical progress was apparently satisfactory , but he 
had also aneemia and therefore his case cannot be strictly compared with other 
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cases of kala-azai Foi the lest the clinical pi ogress was good and is m agreement 

with the lcsnlts obtained , 

The reason for the value of (lie viscosity leinainmg constant is not far to seek 

m the licrht of the Jesuits on the piotcin contents all cadi published by Lloyd and 
Paul (loc ci i ) It is well known that viscosity mainly depends on the concent la- 
tions of the proteins m the scrum, while the other constituents have only a slight 
effect These authors have pointed out that, on the fust stage, the pscudoglobulin 
show's an enormous and very rapid fall while the albumin shows an equal!) sudden 
rise, so that the lowering of the Mscosity due to the formei is compensated by its 
increase due to the use m the latter constituent At the second stage, howevei, 
the albumin content lcmams constant, whcieas the pscudoglobulin increases 
and the euglobuhn decreases, so that viscosit) ought not to diminish much 
Mass foi mass, the viscosity of euglobuhn is higher than that foi pscudoglobulin, 
but the rise in the concentration of the fomicr might be gicatcr than the fall 
m the concentration of the lattei , where this does not take place the Mscosit) 
should diminish and at a latei stage wc find a tendcnc) for this property to 
diminish, though w r e have not been able to proceed with any case more than 


two months 

Comparing these cruves with the times of gelation and complete opacity it is 
found that m general there is no close agi cement although the gelation time remains 
constant for about twenty to thirty days from the beginning of the treatment The 
time of complete opacity, howevei, begins to increase much earlier than the time of 
gelation in each and every case This constant slowei appearance of opacity' after 
gelation suggests that the formation of opacity is not the primary reaction w hen 
formalin is added to the kala-azar scium, but obviously a pioccss secondary' to 
gel-formation The authois m a pievious paper (1929«) have shown that for a 
particular kala-azar serum, there is a definite pH at which the time of gelation and 
complete opacity aie minimum In some cases they occui at the pH value C 9 and 
in others at the pH value 7 27 Also the late of deciease of opacity is much gi cuter 
than the rate of deciease of gelation on the alkaline side, whcieas the rate of decrease 
of gelation is greater than the rate of deciease of opacity on the acid side The 
difference m the rate of variations of these two times points sti ongly to the suggestion 
that gel-formation and development of opacity are caused by tw o dificient proteins, 
but the coincidence of the pH value of the minimum times of gel-formation and 
opacity suggests that both the processes are clue to one and the same piotcin But 
this same minimum pH value of both the processes was explained by assuming that 
durmg the process of gel-formation, a large quantity of water is absorbed by the cel 
and therefore this process of gelation helps the secondary process of precipitation of 
the othei : proteins specially euglobuhn The above fact, that opacity comes always 

mentioned. 18 ^ ® su »“ ts ™ws ,nst 
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The next question anses whether the protein, which is responsible for 
ge -formation, is the same as or other than euglobuhn The minimum time of 
gelation near about the pH value 7 suggests that tins protein is different from 
euglobulm The iso-electric point of euglobulm is according to all standard authors 
5 5 The gel-protein is obviously very much similar to euglobuhn m its solubility 
and other physical and chemical properties, so that when we precipitate the protems 
from the serum by 33 per cent ammonium sulphate or some such reagent, both the 
proteins are precipitated According to Lloyd and Paul on about the 23id day 
of the treatment the euglobuhn begins to dimmish and it is woithy of note that 
from about this time onward the gelation time is also increased It cannot be due 
to the diminution m euglobuhn, for then the minimum time of gel-formation ought 
to have been at 5 5, which is undoubtedly the iso-electric point for this protein 
Hence we are inclined to the view that the piotein which is responsible for gel is 
different from euglobuhn A ° 

It is also well known that iu other pathologic sera, such as those from inalaiial 
and syphilitic patients, there is change from a moie or less semi-clear to a clear gel 
with formalin according to the type of the diseased sera used This fact pomtsto 
the existence of this gel protein m other sera too and it is very likely that it is 
present in very small amounts m normal sera The foimation of a clear or 
semi-clear gel m other diseased sera points also to the source from which these 
proteins are derived Compared to malarial and syphilitic patients, kaln-azar 
patients have got decidedly moie leukopsema Hence the destruction of the 
white blood corpuscles go hand m hand with the existence of a protein which is 
not responsible for gel but for opacity On the other hand, m all of these diseases, 
there is a low eiythrocyte count and this suggests that the presence of the protein, 
which is responsible foi gel, is accompanied by the destruction of the red blood 
corpuscles Accordingly, we thought it pioper to study the R B C and W B 0 
counts of kala-azar patients with the times of gelation and complete opacity m 
a few cases The results are given m the following tables — 


Table I 


Days 

i 

Tune of 
gelation. 

Time of 
complete 
opacity 

Total BBC. 

Total WBC 

0 

£ minute 

2 minutes 

2,920,000 1 

2,800 

6 

l „ 

ft 

l it it 

2,980,000 

1 2,900 

13 

it 

it 

tt it 

2,380,000 

2,960 

18 

It 

tr 

H „ 

2,230,000 

2,500 
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Tatilu IT 


Dai 4 ! 

I 

Time of 
petal mo 

Time of 

complete 

opnciti 

Total R B C 

Total W 11 C 

l 

0 

^ minute 

7 minutes 

1,800.000 

1,120 

0 

II 1 

10 

1,050,000 

1,108 

13 

it *» 

15 

•4,100,000 

5,000 


Tahiti III 


0 

r minute 

H minutes 

.3,250,000 

2,800 

0 

>» »* 

I* »» 

3,000,000 

3,120 

13 

if 

it »* 

• * 

• 

27 

it tt 

31 

3,170,000 

3,500 


A perusal of these tables will show that there is somewhat of n parallelism 
between the time of gelation and the B B C count and the time of complete opacity 
and the W B C count Provisionally, therefore, the suggestion, that the 
gel-protein is other than euglobulin and is concomitant partly at least with the 
destruction of the K B G , is m agreement with experimental facts Fmallv, as 
to the nature of the protein, it appears that it is similar to fibrin globulin as described 
by Ha mm ersten (1914), for the quantity of fibim obtained on coagulation of blood 
is always smaller than the amount of fibrinogen from which the fibrin is derived 
and there is always a small amount of protein substance m the solution It is, 
therefore, not improbable that the fibrin coagulation, m accoi dance with the Mews 
first proposed by Dennis, is a cleavage piocess m winch the soluble fibrinogen is 
split up into an insoluble protein— the fibrin — wdnch foims the chief mass, and a 
soluble piotem substance whieli is piodnced in small amounts and is a globulin-like 
substance This globulm-bke substance is expected to be m laige quantity in the 
kala-azar sera, as tbe coagulation time is increased in these cases Moreover, the 
iso-electric point of fibrin is also 6 8, the same pH at which the iso-elcctiie point of 
the gel-formmg protein is located But though these suggestions aie the most 
probable that we cau think of, it is to be noted the last one on the natuie of 
the protein is more or less of a hypothetical character Our best thanks aie 
due to Dr L E Napier, m u c s , ucr, for giving us facilrticsTfoif obtamnm 

blood from patients under bis treatment and information about then clime'Tl 
progress 
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Conclusions 

1 The viscosity of sera from the blood of kala-azar patients does not change 
appreciably with the course of treatment by pentavalent antimony compounds for 
about two months 

2 The times of gelation and complete opacity of the kala-azar seia with 
formalin during the course of treatment vary widely The time of complete opacity 
begins to increase from about 10 to 15 days after tieatment, whereas the time of 
gelation increases about 20 to 30 davs aftei treatment 

3 The suggestion that the gel-foimmg protein is other than euglobulm is in 
agreement with facts, and has been fully discussed from all points of view 


REFERENCES 

Cjiopra, R N, and Cii vudhupa , S G hid Joitr Med lies , XVI, p 025, 
(1929a) 

Idem (19296) . Ibid, p 939 

Hammersten, O , and Hediv, S G (1914) ‘A Tc\tbook of Physiological Chemistry’ 
Lloyd, R B , Napier, L E , and Paul, hid Joih Med lies , XVI, p 1005 
S N (1929) 

I load, R B , and Paul, S N (192S) Ibid , p 529 



M Jour Med lies , XIX, 2, October, 1931 


BLOOD FINDINGS IN NORMAL MONKEYS 

BY 

H S BILIMOKIA, mb, b s , dtm, 

Maternal Mortality Inqimy, Indian Iiescaich Fund Association 
( Ftom the Haffhne Institute Paid, Bombay) 


[Recened for publication, Apnl 21, 1 0" 1 ] 

Whilst trying to pioducc anaemia m monkeys by dietetic experiments normnl 
blood findings were sought foi, but finding the literature on that subject scant 
the figuies m the table weic worked out from a series of t\\ enti -seven adult monkci s 
of both sexes of the species Macacns smicus and Macacus ihcsus 

Tins paper is published m the hope that it may be of some use to icsearcli 
workers m India experimenting on monkeys 

The counts for both led and white cells were done on standard Levj-Hausser 
counting chambers, and standard Trenner automatic pipettes ucre used for^ 
dilution The diluent used for the red cells was Haycm s solution, fuithor diluted 
with distilled water m the pioportion of 3 2 For the white cells 2 per cent 

oxalic acid was used 

The haemoglobin concentration was compared on a Leitz colorimeter against 
a standard of Acid Haematm prepared from dog's blood, w Inch y as estimated by the 
oxygen combining capacity method of Van Slyke 

The mean diameter of red cells was determined on a modified Young’s enometei 
(Preston) as described by Pryce (1929) 

The blood picture did not differ from that of the normal human being, except 
that the red cells were slightly smaller m size (mean diameter 6 4j<) 

The differential count showed a preponderance of lymphocytes oiei the 
myeloid cells This statement is borne out by Fox (1923) 

Tn conclusion I wish to thank the Superintendent of the Victoria Gardens 
who so kindly placed at my disposal the necessary material to woik on 
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Blood Findings w Normal Monleys 


Eosmopliiles 
Large mononuclears 
Lympliocy tes 
Polymorphonuclear^ 

Minimum value 

Maximum value 


Standard deviation 
of mean 


Mean value 


Minimum value 


B 

H I 


Maximum value 

Standard deviation 
of mean 


Mean value 


Minimum value 

rH 


CO 

Maximum value 

1 

C3 


CO 

Standard deviation 

r- 

of mean 

O 

Mean value 

co 


r> 

Minimum value 

H 


CO 

Maximum value 

00 
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1 Introduction 

In view of the role played by the members of the family Psychodidee, more 
especially of the genus Phlebotomus, as vectors of various diseases the systematic 
study of the immatuie stages of these flies is of importance Unfortunately, litera- 
ture on this subject is surprisingly scanty thus Perfiljew (1928) veiy aptly remarked 
‘ Ueber Phlebotomus-larven hegen in der Literatur sehr sparliche Angaben vox ’ 
and I am in full agreement with him b 
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In a previous communication to Nairn e (1930) a short summary of the present 
work was indicated Although, at first, I intended to deal with the terminal seg- 
ments of the larvae of most of the common Indian Psychodidte, unfortunately with 
the limited resources at my disposal, I failed to secuie sufficient numbers of gravid 
imagines of the other species for this type of work I propose, tlierefoie, to deal at 
present with the stiuctuial modifications of the caudal segments of three species 
belonging to the genus Phlebotomus and of two belonging to the geneia Psyclioda 
and Telmatoscopus * 

These species occur in sufficient numbers m and around Calcutta to make it 
possible to early out a senes of observations and to arrive at a conclusive result 
The author, while engaged m the breeding of sandflies for experimental purposes, 
had an excellent opportunity of studying the immature stages of the local forms 
I should like also to record herein my observations on the microscopic structure 
of the ‘ pseudo-leg ’ j of the larvae of Phlebotomus argentipes Ann and Brim which 
is characteristic of the larvae of the genus 

I desire to take this opportunity of expressing my thanks to Lieut -Colonel 
H W Acton, Director, Calcutta School of Tropical Medicine and Hygiene, for kindly 
lending me his able artist Mr H M Roy who finished my pencil sketches with Ins 
usual accuiacy and skill, to the Librarian and lus assistants of the School foi finding 
for me some lare foreign literature, and last but no less sincerely to the insect 
collectors of the Inquiry for the painstaking nature of their work I should like 
also to record herein my indebtedness to my chief Dr L E Napier, officer in charge, 
Kala-azar Inquiry, for encouraging me by reporting on the progress of the work 
m lus various official reports Specimens of the sub-family Psychodmse were 
identified by Dr A L Tonnou, Senior Ecologist and Curator, Council of Scientific 
and Industrial Research, Australia, for which I am deeply indebted to him 

2 Critical review oe previous works 
The imagines of the family Psychodidse (except the sub-family Psychodime)f 
have long been recognized as blood-suckers and as such attracted the attention of 
eminent morphologists and systematists such as Grassi, Newstead, Christophers, 
Shortt and Barraud, Annandale and Brunetti, Perfiljew, Popov, Peterson, 
Shannon, Delponte, Parrot and Eran^a, Patton and Hmdle, Nitzulescu, Dyer, 
Larrousse, Sinton, Adler and Theodor and a few others Unfortunately, our syste- 
matic knowledge of the immature stages of the group has not progressed in parallel 
lines Tlus is perhaps due m the first place to the secluded nature of the breeding 

* Further observations of this nature u ill in future be made as time and opportunity occurs, and 
as specimens m sufficient numbers are forthcoming 

I I suggest the non committal name of ' Pseudo legs ’ for these temporary structures which aro 
only of importance to the active larva and disappear in the pupa 

J One species of Pcncoma, m, P townsuUcnsis, has been recorded as a blood sucker. 
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places of some members of the family, especially, of the genus Phlcbolomus and 
secondly to the fact that unless and until the complete life-histoiy of each species is 
studied thoroughly in the laboratory, one is not in a position lo assign an egg, a larva 
or a pupa to a particular species Works on the immature stages of particular 
species have unfortunately only appealed sporadically in scatteied journals These 
are important only from the morphological point of view and as will be seen pi esently 
no definite attempt has as yet been made to con elate the systematic positions of the 
immature stages of the members of the family 

Grassi (1907) m his monograph deals extensively with the bionomics and ccitam 
aspects of morphology of the immature stages of Phlcbotomus papa/assv Scop 
Unfortunately, he is not sure about the age of the larvae dealt with, and describes 
them as ‘ relativamento piccola ’ and ‘ giunta al massimo svilluppo ’ 01 some such 
vague terms 1 His figures of the tcinnnal segments although characteristic for the 
genus, cannot be taken as accurate since the structure of the different sclentes, the 
characteristic pigmentation and the origin of the typical spines of the sclentes have 
not been shown with sufficient clarity 


Newstead (1911-12) gives a moic or less detailed description of the caudal 
bristles of the last instar larva of Phlebotomy s papatassn IJou Jett (191i 5-1 G) sa}s 

that the eggs or young larvae afford easy means of identification His figures of the 
young larvae are, however, not very encouraging Again he bases his classification 
of the larvae on the relative length of the tail bristles as compared with the head and 
the body together with the structure and shape of the dorsal bod} bristles generally 
of the posterior parts of the abdomen of young and adult lame These differentia- 
ting characters may, to some extent, prove useful for laboratory -bred specimens" 
but whether they would be of any practical value m identifying Inutc secured by 
the flotation method of Young, Richmond and Brendish is still open to question 
since the spines which are generally plumose may lose their contour and shape bv 
the unavoidable rough procedure , the tail bristles are also liable to breakage and 
thus give a wrong impression of their relative size Hewlett further adds m ‘the 
same paper that the larVa cannot burrow, this observation of his should be taken 
wi h some reserve since Shortt, Smith and Swammatk (1930) definitely remark that 
m their search for ^eir food the larva burrow into loose soil The samn 7 ! 
again records the curious habit of shamming death on the mrf nt ti i th ° r 

approach of danger During my continued ** 

sandflies daily I do not remember a single occasion on wliicl, I a “ g 

phenomenon although it is usual for me to turn over the soil m il 1 , 7“* S ”° ' 

As noticed by Hewlett it is not unusual for the older and mature h° ^ ”’ S P ° tS 
great accumulation of fat to remain quiescent for hours m th "“f *° 
Hewlett in the same paper remarks again that the influence of temSltTa 


* Grass, himself complams of shortage of material 
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definite bearing on the differentiation of the species without, however, adducing 
any experimental evidence in support and seems to think that in this inspect 
Phlebotomies aigentipes is more or less intermediate between P papatassn and 
P mmutus '' With regard to this remark of Howlett, I should like only to add here 
that I have been successful m breeding the three species m question at a room 
temperature ranging between 28°-31°C Whittmgham and Rook (1922-23) 
describe rather fully the different stages of the larvae of Phlebotomies papatassn 
Their figure of the mature larvae, however, does not show clearly the characteristic 
shape or pigmentation of the sclerites of the caudal segment with the typical bans 
and spines on it Seguy (1925) gives a short description of the Phlebotomus larva 
and a half schematic structure of head of the ventral and lateral sides Perfiljew 
(1928) deals with the internal anatomy and certain aspects of the external morpho- 
logy of Phlebotomus larva His paper is thus important from the morphological 
point of view only Colas-Belcour (1928) m a thesisf shows the morphological 
differences between newly-hatched larvae of P papatassn, Scop , P permemus' 
Newst , and P pan oti, Adi and Theo The same author further concludes that 
the differences between the older larvae and pupae of P papatassn and P pennciosus 
are less marked though those between these two species and P pari oh, which 
belongs to the mmutus group, persist up to the last stage He thus corroborates 
the demarcation aheadv established between these two groups My observations, 
as will be seen later on, conducted on a similar line, on P argentipes, P papatassn 
and P mmutus ( sensu lato), leads practically to the same conclusion, although I am 
inclined to think that the differences between the older larvae of aigenhpes and 
papatassn cannot be considered so small as Colas-Belcour opines Shevchenko, + 
m a recent paper (1930) m Russian of which only a summary m French and copies 
of a few figures were obtained v ith great difficulty, deals with the eggs and immatuie 
stages of P papatassn, P chmensis and P sergenti The author differentiates the 
primary stages by means of the shape, number and structure of the spines on head, 
body, terminal segments and, more especially, by the length and character of the 
median pair of hairs of his so-called XII segment He further concludes that the 
specific difference is more marked in the primary stages, while with the growth of 
the larvae these differentiating characters gradually vanish From my personal 
observations, I am led to concur with Shevchenko when he says that one is liable 
to err if m specific differentiation the number of spines on the terminal segment 
is taken into account as the sole factor As regards Shevchenko’s figure of mature 

* * Presumably, Hewlett’s P mmutus is applicable only in a loose sense 

j I Lave had no access to his original paper, vhich so far as I could gather, did not appear 
in any recognized entomological 30 umal The thesis was reviewed m Rev Appl Enl B 
10, Oct 1928 Unfortunately, the reviewer does not point out the morphological characteristics on 
which the classification is based 

t The author was apparently unaware of my note m Nature, (1930) which appeared earlier than 
bis. His bibliography does not include my name, 
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larva of T papatassu (Fig 17), I should like to point out that the penultimate 
segment shown is distinctly larger than the caudal one which is not the ease at least 
with the Indian forms of the species In the same figure the caudal segment is 
shown broader than long while the dentate maigmal boidci of the segment is shown 
as straight Again, uniform pigmentation of the two terminal segments is shown 
m the same figure My observations, however, with the Indian forms of 
P papalassn as will be seen later on are not in conformity with all these 
observations of Shevchenko Besides, Shevchenko’s figure lacks m the accurate 
delineation of the different scleiites and the points of origin of the different types 
of hairs and spines of the caudal segment 


3 Technique 


Specimens were provisionally identified from external characters before being 
put m tubes for breeding In breeding, the technique adopted by Christophers, 
Shortt and Banaud (1926) was followed From each batch of the provisionally 
diagnosed species, two lots of each type, both prcmatuie and mature laivnl forms, 
were carefully collected One of these lots was ticatcd with ‘ Lacto-chloral 
and the pigmented paits weie observed in leflected light The second lot, on the 
other hand, was cleared in the usual way m KOH, stained with caibol-eosine and 
mounted m thin Euparal The lattei method was adopted to get a correct idea of 
the structure of the sclerites, the points of origin of the different hairs and spines 
and also to some extent of the depth of pigmentation The hatched-out imagines 
from each batch were collected separately and their systematic positions were 
diagnosed and thus the previous identification confirmed Except for the diagnosis 
of the females of the tumulus group | used m the experiment, the latest modes of 
identification of which w r as only recently communicated by Major Smton, I am 
piactically sure of the correctness of the diagnosis of the other two forms of 
Phlebotomus With regard to the two members of the genus Psychoda, the same 
method was adopted Recently, however, I was given to understand m a private 
communication by Dr A L Tonuoir fiom Australia, who is a leading authority on 
the sub-family Psychodmse, that the entire gioup is in the melting pot He is also 
of opinion that some of Brunotti’s species of the sub-family aie open to question 
I have therefore thought it advisable to send the two specimens of the sub-fa mil} 
Psychodin® to Dr Tonnoir for proper identification He has since then 
identified them as Psijchoda alternata Say ={sexpunctata Cuit ) and Tehnatoscomn 
aUnpunctatm Willst =[mendionahs Eat ) 1 

All the drawings were made by me with the help of the camera-Inclda .Hid 
later on the pencil sketches were finished by Mr H M Roy 


* This chemical while dealing keeps the pigmentation of the sclente moro or less intact Tim 
larva being active while alive close observation is difficult unless it is killed 1 

1 1 intend to deal with the larv® of the mmutue group later on as tune and opportunity occurs 
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4 General structure and function of the terminal segments and 

THEIR MODIFICATIONS 

The family Psychodidae is subdivided into two sub-families, viz , Psychodime 
and Plilebotommse Although their mtei -relationship is close from the systematic 
point of view, yet, biologically, they are not so closely placed as one would naturall) 
expect The former is generally (except only one species) phytophagus, while the 
latter is a veritable blood-sucker With this deviation m the habit of the imagines, 
the larvae also differ considerably m their habitat If the aquatic habitat of the 
larvae, as is the case with some other groups of insects, is a factor for determining 
the relative aichaic nature of the group, then the sub-family Psychodmae is the more 
primitive of the two The blood-sucking habit of the other sub-family and the 
terrestrial nature of the habitat of its larva is apparently a later acquisition Thus, 
the larvae of the sub-family Psychodinae have more or less a cylindrical body in 
accordance with their semi-aquatic environment, while those of the sub-family 
Phlebotommse are somewhat flattened dorso-ventrally* m compliance with their 
terrestrial adaptations which is so well acquired in the sub-family as to evolve a 
series of ‘ pseudo-legs ’ With this change in their adaptations, the tracheal system 
undergoes considerable modifications with the result that the spiracular openings 
change their position 

In the semi-aquatic larvae of the genus Psychoda, the terminal segment becomes 
modified into a tubular structure tapering posteriorly with the spiracular apparatus’}" 
arranged at the tip on a circular disc The elongated brush-like groups of bans on 
the spiracular openings and on the circular disc itself, as in the case of other aquatic 
larvae, apparently aid in the creation of surface tension and thus keep the tail end 
afloat The anal pore is situated a little further anteriorly and mid-ventrally It 
is a semi-circular or ovoidal opening with opereulum-like structure or structures to 
close it Besides the variations in the colour and the geneial shape of the terminal 
segment of the larvae, specific differentiation was traced, at least m two Indian 
species of the genus, to the structure and number of the sclente or sclerites of the 
operculum that aid in the closing up of the anal pore 

The Plilebotomus larvae, on the other hand, are remarkably terrestrial and 
with the modification of the sclerites of the dorso-ventrally flattened terminal 
segment, admirably adapted as an adjunct organ of locomotion m the larvae as well 
as a fixing mechamsm for the pupae, the posterior pair of stigmata becomes shifted 
to the penultimate segment and their external openings placed apart from each 
other (Plate XVIII) The terminal segment is roughly sub-quadrate with certain 
modifications pecuhar to the species There is nearly always a pigmented dorsal 
(d s ) and an unpigmented or less pigmented ventral sclerite (a s ) from which the 

* Not exactly round m transverse section j 

t ‘ Hinter stigma,’ ‘ Stigmennarbe ’ and the ‘ Aussere Offnung des Stigraensaches ’ of Do 

Meijere (1915 16) 
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different tvpes of spines end bustles ni.se The m.mbci nnt imt.no of these spinel 
and bustles (2 plumose, 2 spmose, 2 b.istly) on cncl. side lmvc been found to be 
constant (6 in numbei , 1, II, III, IV, V, VI, Plate XVIII), m Phkbolomu, 

Ann and Bum , P papalassn Scop , and P mmidu s Rond [bcnsu la lo), while 
specific diffeiences have been tiaced m the .siiucluie, of the doisal and ventral plates 
as well as in the extent of pigmentation m the caudal and penultimate segments ” 
The numbei and type of the mam spines on the penultimate segment aie also more 
or less constant (4 m numbei , 1, 2, 3, 4 , all plumose) m the three species, leaving 
aside, however, the small plumose spine (3) at the postcro-lateial margin of the 
spiracle of the huvee of ciiqcnh'pcs and 'papalusm 

That the caudal segment is essentially a supplcmentaiy oigan of locomotion 
throughout the larval lifc-lnstoiy is proved by the existence of 2 sets of muscle 
insertions mesially as seen m Plate XIX There is also a muscle disc semilunar 
m shape, transversely ridged and mid- ventral m position This structuic is 
apparently a modified suclcci foot for the final fixation of the larva) m the prcpupal 
stage f 

Among the spmes of the teiminal segments, the caudal bustles, 4 m number 
and nearly always of shining black tmt, are the most remarkable of them all The} 
are considerably elongated in comparison to otliei spmes and m Nature, the inner 
pair of caudal bristles are held nearly vertical while the outer are hoiuontal I 
tiave observed also very slow movement of these caudal bristles but whether that 
was due to the movement of the bristles themselves or to that of the terminal segment, 
I am doubtful Most of the workers on the larval morphology have noted the 
characteristic features of these bristles, but, so fai as the available hteratuies arc 
concerned, I have failed to trace any good description of the microscopic structure 
of these bristles at high magnification All that I have been able to gather is the 
description of Newstead (1911-12) who thinks that at high magnification a numbei 
of extremely fine, equidistant and extremely black surface lines aie visible, the 
intervening spaces being distinctly paler He therefore concludes that these 
bristles are finely striated My observation with P arqenhjies m this direction 
can be summarized as follows I had at my disposal several mounted and stained 
specimens cleared m KOH On an examination of these bustles undei high pov ei , 
I failed to trace any striated structuie with alternate pale and dark surface markin'^ 
There was nothing very remarkable at or near the bases of these bristles, the flagellum 

* So far as my knowledge goes these characteristics are traceable even in the primary statics 
of all the three species m question J ‘ ° 

, J C A P° rtlon of the felled up larval exuvium of the caudal region nearly alv. ay s rcmn.ns attached 
to the fixed terminal end o! the pupanum Sometimes a close examination of this excrescence re\ cals 


the identity of the pupa Unfortunately, identification of the lanal oxuvmm cannot betaken ns 
accurate, since the shrivelled up nature of the chxtm sometimes m.srepresents the nature of tic 
original structure As this work is only a preliminary contribution, I intend to deal mth i 

characteristics in the neai future pupal 



440 Morphology of the Teimmal Segments of Psychodictcc Larvcb 

or tail end also showed no peculiarity It is only in ceitam cases that an area was 
traced where alternate constriction and flattening out ivas observed forming nodes 
and internodes (Text-fig 1) Excepting this, the bristle is perfectly tubular and 
no surface markings were visible even under the high poivei (oil immeision) 
Whether this was mterpieted as presenting a striated appearance by Newstead, I 
cannot definitely say 





/ 


Text fig 1 

Microphotograph of a caudal bnstle showing nodes and 
internodes X highly magnified 

As regards the function of these peculiar bristles, I am of opinion that m 
addition to their functioning as an organ for scarmg its enemies (parasites and 
predatois) they probably act as tactile sensible of tnchoid type and aie thus of 
impoitance in the not unusual backward movement of the larva 

Sub-family Psychodmce * 

Genus Telmatoscopus Eat 

(a) Termmal segment of the mature larva of Telmatoscojms albipunctatus 
Willst —{meridionahs Eat ) Brun (Plate XX, fig 3) 

As noted before, the terminal segment is concolorous with the body and 
sub-conical m shape Elongated spines sparsely distributed cover its outer surface 

* Life lnstorj and morphology of the immature stages of individual members of the sub fannK 
have been worked out by Johnson, Fcurborn, Haseman, Dell, Fullauav, Zuelzer, Efflatoun, Zaiattari 
and a few others, but these arc of importance from the biological and morphological points of i icw 
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Tlncc sepal otc sole, lies, t.umgilln. ... slmpe, with the one, lunges mmsl.oc « l , 
lathe thick slioil. lnlckwaullv dnorlod spines, npin.rc.lth not simultaneous!, f'» 
closing up (he anal pole The two lale.o-vcnl.al ope, coin (/» «)<« »™,1v 'c, lea 
m position with only one-third of then bases lunged A po.t.on about on, -lh.nl 
of the antcnoi lunged pn.t of these latc.al sole, lies piesents ..spotted appear, mec, 
while the lost » mole 01 less smooth Tins smooth port, on beam two latc.al spmes 
The mld-vential operculum (» o ) of the anal po,e ,s lunged at its broad base with 
its free angulai apical end directed posteilorly The surface of tins sclentc is 
smooth but the area ncai its base is snn, tally spotted as in the cases of the lateral 

sclentes 7 , 

Genus Psychoda 


(b) Terminal segment of tlic matme larva of Psychoda (ilietnaUi Sa) 

(scxpunciata Curt ) Brun (Plate XX, fig 2) 

The sub-conical caudal segment is moie umfoimly built than in the previous 
case, hut is less stout It is also externally furnished with sparsely distributed 
elongated spmes The semilunar anal pore is closed by a single piece of smooth 
operculum somewhat hemispherical m shape, mid-ventral in position (v o ) w itli the 
anterior one-tlurd of its base lunged The sclentc is appaicntly homologous 
with the mid-ventral sub-tnangulai opeiculum of the pievious case 


Gems Phlcbolomus 

(c) The two terminal segments of the mature laivie of Phlcbotomus atgenhpes 
Ann and Brun (Plate XVIII) 

The sepia-tmted pigmented aiea of the penultimate segment begins on the 
dorsum at the region where the pair of hairs (1) originates The pigmented portion 
extends anteriorly to more than one-half of the entile area of the segment More 
than half of the distal region of the dorsum of the caudal segment including the 
dorsal sclente and the protuberances from which the four caudal bustles originate 
is tmted dark As the pigmented area extends antenoily the coloui becomes paid 
until the distal border of the penultimate segment is readied Posterior I v, a thin 
strip of the ventral sclente is also pigmented In the young larvre the pigmentation 
approaches to some extent that of the mature one The caudal segment with its 
appendages is roughly sub-quadrate m shape The doisal sclentc {(Is) is hoisc- 
shoe shaped, smooth dorsally and is somewhat smallei than the vcntial ^clentc when 
viewed dorsally A convexity bearing denticles marginally gives the chainctonstic 
horse-shoe shaped, appearance The doisal sclente occupies nearly half the entire 
area of the segment The two short stout arms are broadly rounded oft and 
bears at each of their outei angles a short plumose spine (I) A little below 
these arms the protuberances (p) bearing the four bustles, two on each 
protuberance (II and III), are situated Tile vcntial sclentc (vs) is , ou „ Ul 
quadrate m shape, distinctly paler m contrast to the dorsal sclente, and with 
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its distal margin almost straight Each of its angular regions bear outwardly 
three equidistant spines (IV, V, and VI) The IVth being the longest, the 
Vth plumose but larger than the 1st while the Vlth is equally developed as the 
IVth The ventral spines of the caudal segment not shown m the figure are six 
m number— 3 on each side and arranged in an arc These spines are all simple 
and pointed , the lateral ones being nearly double the length and thickness 
of the two inner ones 

(i d ) The terminal segments of the mature larva of Phlebotomus papatassu 
Scop (Plate XIX) 

In contrast to P argentipes, the terminal segment is well demarcated off in 
P papatassu The pigmented area of light sepia tint of the penultimate segment 
covers more than half the entire area of the segment * In the caudal segment the 
pigmentation of the dorsum is somewhat darker at its distal margin including the 
two protuberances from which the four caudal bristles originate The dark sepia- 
tmted area of the dorsal selente covers only about one-fourth the entire area of 
the segment which is comparatively more elongated than m the case of P argentipes 
This pigmentation extends latero-margmallv forwards covering the edges of the 
dorsal sclerites to about three-fourth the whole length of the segment The pig- 
mentation of the dorsal selente is somewhat paler mid-dorsally The pigmentation 
in the young larva simulate to some extent the characteristic type The dorsal 
sclerite m this case is more elongated and marginally extended beyond the distal 
border of the ventral selente m contrast to that of P argentipes The whole dorsum 
of the dorsal sclerite is more or less uniformly covered with fine spines The dorsal 
sclerite is also roughly horse-shoe shaped posteriorly as m the case of P argentipes 
but with its free arms somewhat more pointed and elongated A similar mid- 
margmal concavity bearing a series of denticles is also present but m this case it 
is more marked The two lateral borders of the dorsal sclerite m contrast to 
P argentipes bear on each side concavities giving rise to the characteristic star- 
shaped appearance The plumose spine (I) is larger in comparison to that of 
P argentipes The two protuberances bearing the four bristles — 2 on each side 
(II and III) — as well as the bristles themselves are of no particular importance 
except that they are stout 

The ventral sclerite is roughly shield-shaped with its lateral margms more or 
less parallel to each other The spine (IV) is well developed, curved, inwardly, 
the Vth is fine and not so spread out distally as in the case of P argentipes , while 
the Vlth is similar to the IVth The smaller ventral spines of the selente, not 
shown in the figure, are as follows Two small spines from the two distal angles of 
the anal pore and two somewhat larger lateral spines 

* Whittmgham and Rook (1922 23) describes the pigmentation as follows Dark brown pig 
mentation o! the whole dorsum of the last body segment and the central portion of the penultimate 
segment 
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(c) The two icimmal segments of the mature larva of Phlebotomy mumltts 

Eond ( sensu hto) (Plate XX, fig 1) Tin 

In the P mwulus gioup the two tennmal segments me bioadcncd tonsiilci.ibJy 

m contrast to other segments of the body This broadening is earned so far in the 
(Troup as to produce lateral projections and tubeielcs Thus, we see that nr this 
case the posterior pair of stigmata assume a complete lateral position along with 
the lateral hairs which seem to originate from lateral tubercles The penultimate 
segment thus assumes the shape of the multi-tubcrculatod head of a club Near!) 
the whole of the penultimate segment is light brown m colour The dorsal plumose 
spines of the v miutus group show some characteristic differences both as regal ds 
their number and shape in contrast to P aigcniipcs and P papaiassn Spine (1) is 
reduced to small stumpy size , spine (2) assumes a lateral position , spine (3) is 
untraceable, while spine (4) takes a position just ventral to the spiracle The caudal 
segment is distinctly demarcated off from the penultimate segment and is roughly 
heart-shaped It is characteristically pigmented m contrast to the other two 
members of the erect-haired group The peculiar pigmentation of the dorsum of 
the dorsal sclente is due to the presence m the anterior two-thirds of the segment of 
a semilunar, pale, bare, apparently depressed area with its broad base reaching the 
distal margin of the penultimate segment The distal margin of the dorsal sclente 
bears the usual dentated concavity The semilunar portion of the dorsal sclcntc 
including the two protuberances bearing the four caudal bristles nre character- 
istically pigmented dark brown dorso-laterally and its surface furnished with fine 
spines Mid-dorsally it is almost black Plumose spine (I) is comparatively w'ell 
developed and longer , caudal bristles (II and III) are of no particular importance 
The ventral sclente of the caudal segment developed quite m conformity w itli dorsal 
sclente so that no portion was visible from the dorsal aspect Spines (IV, V, VI) 
deserve no particular mentioning Ventrally the ventral sclente beais four fine 
spines arranged in an arc and two larger spines placed laterall} 


5 A SHORT COMPARATIVE ACCOUNT OP THE MICROSCOPIC STRUCTURE 01 THE 
‘ pseudo-leg ’ op Phhbotomus argenhpes Ann and Brun (Text-fig 2) 

The special locomotory organs are apparently a later acquirement of the 
Phlebotomus larvee and homologous with similar structures of the Lepidoptcra 
larvie, but they are devoid of the typical crochets As eaily as 1907, these structures 
were noted and figured by Grassi and subsequently by othei workcis * So far ns 
could gather, the species dealt with m this way was exotic It therefore devolved 
on me to record my observations on an Indian form more or less on a comparative 
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In the figure of ‘ Dischi succhiaton 5 (suctorial disc) of Phlebotomus papatassu 
by Grassi, the outline of the disc is moic ovoidal than that of P cugcnhpes where 
it is flatly ellipsoidal in optical section To differentiate the separate concentric 
stiuctures of this compound organ, I could not but adopt several non-committal 
names Thus the slightly raised chitmous portion with a fine pointed spine (spo), 
eccentrically placed near the margin, has been named basal rim (b r ) The inner 
11 m (i r ) is saucer-shaped in optical section and is the leal suctorial structure , it 
attains a shghtly higher level than the basal rim The inner rim bears also an 
eccentrically placed similai spine (spj) The deeper part of the inner rim bears a 
small concavity (c ), apparently the area of insertion of a strong set of muscle which 
by contraction creates a vacuum and thus help in the looping movement of the 
larva both on horizontal and inclined planes 



_D.r. 

i.r. 

c. 


X80 


Text fig 2 

Microscopic structure of a pseudo leg 

Giassi’s figure of ‘ Dischi succhiaton ’ shows two plumose (’) elongated spines 
arranged symmetrically on the two lateral poles of the third concentric run I have, 
however, failed to tiace any other spine excepting the two small pointed eccentrically 
placed spines mentioned above 

6 Summary 

1 The observation of previous workers on this line have been cntically 
reviewed It is pointed out that the study of the larvae of the family PsychodidtC 
from the systematic point of view is not on a par with that of the imagines 

2 The technique employed and considered most suitable for this type of 
study has been described 

3 The general structure and functional importance of the terminal segments 
m Psychodidae larvae are described m detail It is concluded that these structures 
are of considerable importance throughout the larval life-history and even during 
the primary stage of pupation It is further noted that thc-semi-aquatictype of 
Psychoda and Telmatoscopus larvae is presumably the more archaic ioim while 
the terrestrial type of Phlebotomus larvae is only a later acquisition m response to 
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changing environment, and habit Tins is pci haps In sonic extent borne out bv the 
fact that the Phlcbotonius lanm lequue a humid atmospheie for 1 lie completion 
of their hfc-histoiy 

4 A comparative study of the terminal .segments of iuo species belonging 
to the genera Psychoda and Telmatosoopus and three species of the genus 
Phlebotomus is given It is suggested dial, the terminal segments might pljix 
an important role in the classification of the laivrc of the family Psyehodidre 

5 A slioit, comparative note on the mieioscopic si met me of the pseudo-legs 
of Phlebotovnis engenhpes Ann and Brim is appended 
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c 

ds 
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pr 
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St 

V 0 

V s 

I, II, III, IV, V, VI 
1 , 2 , 3 , 4 


Basal rim of tile pseudo-leg 

Concavity where vacuum is produced by strong set 
of muscle inserted dorsally 
Dorsal sclerite of the caudal segment 
Inner rim of the pseudo-leg 
Latero-ventral operculum 
Protuberance bearing the paired caudal bristles 
Spines on basal and inner rims of the pseudo-leg 
Stigmata s (posterior) 

Ventral operculum 
Ventral sclerite of the caudal segment 
Hairs of caudal segment (visible from dorsal aspect) 
Hairs of the penultimate segment (visible from dorsal 
aspect) 
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DEEP TUBE-WELL WATERS OF BENGAL. 


BY 

Rao Bahadur V GOVINDA RAJTJ, b a , 
Superintendent, Bengal Vaccine Laboiatoiy 
{Pnbhc Health Department, Bengal) 


[Received for publication, April 27, ]0'}1 ] 

Witoin the last ten years deep tube-wells have become a favountc source of 
drmicmg water supply m various parts of Bengal and me continuing to fulfil a long- 
felt want for pure drinking water It has been clcai ly established that an abundant 
quantity of water is stored up below the smfacc m this pait of India and that this 
underground water is under such great pressme that even in the ease of tube-wells 
of 300 to 400 feet deep the watei rises to within 20 to 30 feet of the surface The 
presence of a large amount of water undei sub-artesian conditions is an asset of 
great value from both the agricultural and the public-health points of view 
Further, these waters possess certain interesting chemical and bnctciiological 
characteristics and are therefore of more than mere paiochial interest The 
writer also hopes that with further knowledge it may be found that undcrgiound 
water is also similarly present m at least some othci parts of India, where 
conditions may be favourable for storage under sub-artesian conditions rfucli as 
an abundant rainfall in neighbouring lulls and an impervious layer below the 
surface 

Samples from over 150 tube-wells have been examined on one or more occasions 
In the case of 23 tube-wells systematic monthly examinations w r erc made foi a 
period of two years Daily samples were also examined fiom six tube-wells foi a 
period of three months beginning from before the onset of the lams 


Bacteriological results 

The bacterial contents of these tube-well waters are m marked eontiast to 
those of surface waters, both m the number and the variety of the organisms met 
with Of the o00 monthly samples examined 51 per cent failed to show lactose 
fermenters in GO c.c and G8 per cent showed a negative result m 10 c c Onlv 
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15 per cent of the samples showed a positive lesult mice A study of the types 
of lactose-fermentmg organisms m the above monthly examinations is also 
interesting Out of over 1 600 orgams'ms examined, only 19 pei cent belonged 
to the tvpical B coh type (Indol -f- Y P— ) This is m marked contrast 
to the state of affairs m suiface wateis where 75 pei cent may belong to the 
typical B coh type The 19 pei cent of typical B coh found m the tube-well 
wateis compused the following species — 


B coh commums 
B neapohtanns 
B coscoi oba 
B vesiculosas 
B acid) lactia 


4 per cent 
6 „ 

3 


5 

1 


55 

JJ 


The remaining 81 per cent belonged to the cloacce ceiogenes type 

The results of the daily examinations of tube-well waters have also been veiy 
interesting Of the six tube-wells thus examined, one only showed a uniformly 
good bacteriological result Out of 73 samples examined fiom the latter all gave a 
negative in 60 c c The total bactenal count on nutiient agar was none m one 
ctihic centimetie m more than a third of the samples examined and was, except in 
four cases, as low as 1 or 2 per cubic centimetre It is evident that the subsoil 
water has attained a high degree of bacterial purity The lemaimng five tube- 
wells have, liowevei, not showed such a favourable result as the above-mentioned 
one which was newly constructed Fiom among the five tube-wells the numbei 
of samples showing a positive lesult for lactose fermenters in 10 c c was 23, 26, 20, 
49 and 33 respectively (73 samples were examined m each case ) In all cases 
some were positive mice Their actual number was 3, 6, 9, 27 and 10 respectively 
The number of samples showing a negative result in 60 e c was 27, 34, 31, 9 and 23 
respectively Tube-well No IY has shown the worst result with 49 samples positive 
m 10 c c , 27 positive mice and onl}’ 9 samples negative m 60 c c The types of 
lactose fermenters isolated is also significant 81 per cent were indol negative and 
belonged to the chaccv ceiogencs type and only 19 per cent were mdol positive and 
typical B coh 

It is noteworthy that even tube-wells situated within 3 or 4 feet of each other 
and similarly and simultaneously constructed should have shown widely different 
degrees of bacterial purity Rainfall may be ruled out altogether as a causative 
factor as no relation whatever could be detected between it and the variations m 
the bacterial content The presence of bacteria seems to have some relation to the 
corrosiveness of the water, as waters exhibiting this property markedly have shown 
the worst result bactenologically 

The question arises, where do these organisms come from and what does their 
presence signify There is considerable evidence to justify the conclusion that 
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they undoubtedly are not tlio effect of focal contamination In the compact clayey 
soil surrounding the tube-well tlieie can be no percolation to any Marked extent 
Even if it were present to a small extent it should be more marked in newly con- 
structed tube-wells than in old ones Actually, however, the reverse has been 
found Secondly, the total bacterial count lias generally been remarkably low 
wlucli would not be the case had there been focal pollution to any extent Thirdly , 

the chemical results do not give any evidence of an admixture of surface water with 
the sub-soil water Although the tube- wells have in many cases been located within 
a few yards of the bed of a rivei the results of chemical examination of the tube- 
well water were very different from those of the river water The marked seasonal 
changes in the chemical characteristics of the river uater were not at all reflected 
in the quality of the tube-well water As a matter of fact a slight negative correla- 
tion was obseived between the two When at the height of the rains the river 
water showed its lowest figure for salinity and baldness, the tube-u ell water show cd 
an actual increase in the above contents There can therefore be no possibility 
of any passage of surface polluted watei into the tube-well Fourthly, the results 
of chlorination of the tube-wells are very significant A strong solution of bleaching 
powder was let into the tube-well and allowed to remain for some hours and then 
pumped out This resulted m the lactose fermenteis being entirely eliminated 
and they did not show their appearance again till anothei fortnight had 
elapsed The beneficial effect of chlorination could not last foi so many days 
if there was systematic passage of polluted water into the tube-well One 
is therefore forced to the conclusion that these organisms were not derived 
from f focal pollution, but are the result of multiplication at some favourable 
position, such as a leaky joint The tube-well wateis are highly corrosive and 
big holes m the tubes have actually been observed when some tube-v, ells v\ ei e 
detached 


The above conclusion that lactose feimenteis are able to multiply in nature 
under certain natural conditions is one of great importance from the point of view 
of bacteriological standards It i^ usually, and rightly so in most cases assumed 
that these organisms do not multiply outside the animal or human intestine If 
it were not so, their numbers would not serve as an index of the degiee of ffecal 
contamination While, undoubtedly, it is true that they do not generally multiply 
outside their natural habitat m the animal or human intestine, still it has to be 
recognized that they occasionally do so under certain conditions In a previous 
communication (Govmda Raju, 1922) the author pointed out that the lactose 
elmenters did increase m numbers m under-ground reservons when the water 

was stagnant for some hours In old pipes also they seem to find condltums 
favourable for a slight increase in numbers 

The above conclusion that B c oh or organisms indistinguishable from them 
may ^occasionally he found in locaht.es free from , K „a, poZtmn has aZ beZ 

7 



450 


Deep Tube-Well Watei s of Bengal 


leached by some other investigators In the Philippine Islands Otto Scliobl and 
Jose Ramirez (1925) of the Biological Laboratory, Bureau of Science, Manilla, found 
that the source of lactose fermenters found m their artesian wells was not focal 
contamination at all but that the organisms were derived from some parts of the 
well itself When these parts and the inside of the well were disinfected the water 
became sterile indicating clearly that the organisms were not the result of focal 
contamination, but due to multiplication Ruither, new and unused packing and 
washers, which up to the tune of bactenological examination had not been handled 
(having been delivered for examination as originally wrapped), were also foimd to 
contain lactose fermenteis They appear to have been mostly of the cloaca 
ceiogenes type Sir Alexandei Houston (1916) found m the leather washers of taps 
organisms similar to B lachs ceiogenes and fermenting indol This was called the 
leather bacillus and after a detailed study he concluded that the current quality 
of a tap-water sample could not be judged by the presence of bacteria, answering 
the characteristics of the leather bacillus whose origin was m the leather washer of 
the tap itself 

Chemical results 

The results of chemical examination of tube-well waters show several 
interesting features The first point that arrests attention is the variation 
in the salinity of the water It has no relation with the bacterial quality 
of the water and is quite independent of fsecal or urinary contamination A 
sciutmy of the figures shows that the salinity (expressed as chlorine) is 
remarkably low (1 to 2 parts per 100,000) except m close ptoximity to 
areas where tidal rivers are flowing at present or have flowed m past times In 
the Howrah district where tidal influence is fully felt m the river the salinity 
of the tube-well watei varied inversely with the distance of the tube-well 
from the liver In areas close to the river the salinity was invariably 
very high and ranged from 60 parts to even 150 parts pei 100,000 (expressed 
as chlorine) The salinity decreases as we proceed inland until it is 
only 2 to 3 parts m areas about fifteen miles inland Similarly, m the 
24-Perganas district where also tidal influence is felt m the river, the salinity 
of the tube-well waters followed more or less the salinity of the adjoining 
river water Above Shamnagar about 20 miles up the stream from Calcutta 
both the tube-well water and river water showed a salinity of only 1 part 
per 100,000 and m both cases the salinity steadily increased as we proceed 
lowei down Adjoining the areas where the river is permanently saline, the 
tube-wells also showed very high salinity This paiallelism between the salinity 
of the tube-well water and that of the adjoining river water does not, 
however, seem to be due to the direct admixture of river water into the tube-well 
but to the impregnation with salt of the soil surrounding the tube-well This is 
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evident from the fact that while the salinity of the rivei water varied at different 
seasons of the year and even hourly at diffeient times of the tide, the salinity of the 
tube-well water remained practically constant Even when there was some varia- 
tion m the salinity of the tube-well water it varied inversely with that of the river 
water, indicating that tlieie can be no direct connection between the two 

It is an anomalous fact that the lowest figure for salinity and hardness was 
furnished by a tube-well adjoining the sea-coast Obviously, the source of the 
water m this case is the rainfall m the neighbouring lulls within a few miles off The 
low figure of 0 6 part pei 100,000 for salinity shows that the water could not have 
traversed any great distance In aieas not adjoining tidal rivers or tidal swamps 
the figure for chlorine was usually one to two parts per 100,000 Eajshahi 
however, 150 miles inland showed 4 parts It is highly probable that in past 
times the tidal influence m the river was felt in this part also Some writings in 
the eighteenth century furnish evidence that at about that time the river began 
to silt up The salinity of the tube- wells sunk in or near Calcutta shoved vide 
variations The lowest figure was 2 parts and the highest 6G parts, expressed as 
chlorine It is noteworthy that excessive figures foi salinit} were obtained even 
at some distance from the adjoining tidal rivei The explanation of this is that 
although the Hoogly now flows to the west of Calcutta, there is to the east 
of Calcutta a highly saline swamp Which was formerly a tidal cieek Thus 
Calcutta is practically sunounded m most places by salt-impregnated soil, only 
a small area being comparatively free from saline matter 


Hardness or tube-vlll vaters 

The hardness, or the soap-destroying power, of these waters, isgeneiall} high 
The only exception so far met with is the water of the tube-wells m Chittagong, 
which also showed the lowest figure for salinity At Chittagong the temporar) 
hardness was 3 parts and the permanent hardness 2 parts per 100,000 In no other 
case have the figures been so low as in the case of the Chittagong tube-veils The 
tube-wells in Burdwan, Dacca and Mymensmgh districts have also yielded a fairly 
soft water In Bnrdwan the temporary hardness was 3 parts and the permanent 
hardness I parts In Dacca and Mymensingh the temporary hardness was about 
10 parts, and the permanent varied from 2 to ft parts The interest of the above 
observation lies m the fact that m these places the river water also is much softer 
than elsewhere in Bengal dnd gives for chlorine and temporary hardness fic„ TCS 
more or less similar to those for the tube-well water The permanent hardness 
of the latter is, however, much greater Usually the permanent hardness of t„bc- 
we 1 waters vanes from 3 to 6 parts which figure may be looked upon as normal 
even m areas away from tidal rivers Generally speaking, the temporary hardness 

tube kS t PaItS AT* 20 *° 25 parts map be ‘“km as the rule for 

tube-well waters in areas not adjoining tidal rivers In the latter case the 



452 


Deep Tiibe-Well Wateis of Bengal 


temporary hardness is higher and may reach 40 parts The permanent hardness is 
also much higher and may vary from 50 to 100 parts In these tidal areas 
the permanent hardness is much higher than the temporary hardness -while 
ordinarily in surface waters the temporary hardness is inyariably higher than the 
permanent hardness The high permanent hardness is generally associated with 
high chlorides 

Seasonal yanation m hardness and chlorides were formerly not believed to 
occur in tube-well waters To settle this point systematic daily examination from 
six: tube-wells was curried on for a period of three months during a time of the year 
when changes are most likely to occur It was found that some variation does 
take place and that these changes are the reverse of the changes taking place m the 
adjacent river waters In the case of the surface waters the hardness and chlorides 
are considerably reduced after the establishment of the monsoon rams and this 
reduction mav be so great as to reduce the total hardness to a fourth of what it was 
a month previouslv While m Way it mav reach 25 parts it may fall to 6 parts m 
June Similarly the chlorides are also considerablv reduced in the case of river 
waters On the other hand in the case of tube-well waters there is a slight increase 
m both the hardness and chlorides after the outburst of the monsoon This increase, 
however, is only slight and may be due to the general raising of the underground 
water during the monsoon and the consequent admixture of some salme water 
with the body of water feeding the tube-well The following table shows the actual 
figures obtained — 



Before rams 

After rams 

Chlonne 

! 

1 0 part per 100,000 

1 2 parts per 100,000 

Temporary hardness 

11 0 parts „ 

13 0 

Permanent hardness 

42 

02 


Ammonias and organic matter 

The figures for albuminoid a mm onia and the permanganate test were almost 
invariably very low indicating that there was practically no organic matter in the 
water Apparently in its underground passage through miles of sand the entire 
organic matter is strained out or oxidized A similar straining action has been 
observed m the case of slow sand filters which have been newly replenished with 
sand The figure for albuminoid ammonia is seldom above 0 005 part per 100,000 
and the figure for four hours permanganate test may be 0 025 and frequently en 
much less than the above figures Occasionally the permanganate test has yielded 
slightly higher figures than the above due to the absorption of the oxygen 1)} the 
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ferrous salts present in the water No conection is usually made for this but, 
seldom have the results been high enough to demand particular attention being 


paid to them 

The free ammonia-content of these tube-well waters demands special considera- 
tion Contrary to the finding m surface waters the fiee ammonia is almost invari- 
ably higher than the albuminoid ammonia As it is not, however, accompanied by 
a high figure for albuminoid ammonia or organic matter, faecal or urinary pollution 
may altogether be mled out In many cases the amount of free ammonia was very 
high and in seveial instances it has reached the excessively high figure of 0 1 part 
per 100,000 A very careful scrutiny of the results wuis made to discover if the 
excessive free ammonia could be con elated with any other characteristic of the w'ater 
This was not found to be possible In some of these cases the water is soft , in 
others it is hard In some iron is present m considerable amount , but in others 
iron is totally absent In some nitrates are present, while in others no trace of 
mtrates could be found Bacteriologically some of these are exceedingly pure, 
while others are indifferently so It does not seem possible to discover an association 
between the excessive amount of free ammonia present and any other character 
of the water A very significant observation has been made in the case of some 
tube-well waters which generally showed a high figure for fiee ammonia Occasion- 
ally while the figures for most other constituents generally remained dnaltered, 
the figure for free ammonia alone underwent a marked reduction and was accom- 
panied by a marked increase m the amount of nitrates This negative correlation 
between the nitrates and the free ammonia suggests the possibility that the exces- 
sive amount of free ammonia may really have been derived from the mtrates present 
in the watei The latter would tend to become reduced through the reducing action 
of ferrous salts present m the ferruginous sands through which the w ater has passed 
This reduction may also have been effected by the material of the iron pipes 
This latter is highly probable as the tube-well waters have been found to be highly 
corrosive to iron pipes 


Another very striking fact is the extiemely low figure obtained for nitrates 
in most cases Out of several hundreds of samples examined hardly a dozen samples 
showed nitrates above 0 05 part per 100,000 This is m marked contrast to 
the results obtained m European countries The explanation may be that the 
nitrifying organisms do not flourish in the great depths in which the waters are 
flowing The extreme bacterial purity of these waters would indicate that these 
organisms, even if present originally, would have been strained out as the water 
passes through miles of sand Iron is occasionally present in undesirable amounts, 
utmore often it is either totally absent or only present m small amounts which 

of tube- well waters » string, y drfierent fL that %££ ££ I 
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latter case there may be no carbon dioxide at all during the greater part of 
the year, the water being actually alkaline to phenolplithalem During the 
rams, however, a small amount of carbon dioxide, 0 4 to 0 5 part per 100,000, 
may be present On the other hand, the tube-well waters showed large amounts 
of carbon dioxide throughout the year Almost all the waters showed above 
2 parts pei 100,000 and half the number of samples examined showed above 
5 0 parts, while one sample showed the extremely high figure of 12 0 parts 
per 100,000 This excessive amount of carbon dioxide appears to confer on the 
water its characteristic ferro-solvent property While the water is rich in carbon 
dioxide it is frequently poor in oxygen and many samples have been found to contain 
only a trace of dissolved oxygen 

Summary and conclusions 

(1) The underground water tapped by the deep tube-wells m Bengal appears to 
be practically sterile, but as actually drawn a variable number of lactose fermenters 
may not infrequently be obtained This may be due to the highly corrosive 
nature of the water and consequent holes m the pipes leading to a multiplication of 
certain types of lactose fermenters 80 per cent of the latter belonged to the cloaccc 
(etogenes type and 20 per cent to the typical B coh type (mdol positive and 
Vosges and Proskauer negative) The above observation is important from the 
point of view of interpretation of results of bacteriological examination of water 
Failure to recoguize the above findings may result m ascribing the numerical 
presence of these lactose fermenters to faecal pollution This occasional lack 
of sanitary significance of these lactose fermenters has already been pointed out 
by Sir Alexander Houston m the case of the leather bacillus in tap-waters m 
London and by Otto Schobl and Jose Ramirez m the case of tube-well waters m 
the Philippines 

(2) Chemically the tube-well waters showed certain well-defined cbaractens- 
tics Outside areas adjoining tidal rivers or tidal swamps the salinity is generally 
very low and did not exceed 2 parts per 100,000 (as chlorine) The hardness, both 
temporary and permanent, is usually high The permanent is 4 or 5 parts and the 
temporary seldom below 20 parts per 100,000 Free ammonia may sometimes 
be present in considerable excess and is generally present m larger amount than the 
albuminoid As judged by the permanganate test the amount of organic matter 
is practically negligible Only a trace of nitrate is generally found and iron is 
frequently found even m large amounts but may also be totally or practically absent 

(3) It is highly desirable to locate these tube-wells as far away as possible 
from a tidal river or tidal swamps 

(4) The depth of the tube-wells does not appear to be m itself an important 
factor as even within a depth about 100 feet a highly satisfactory supply has been 
obtained m several mstances 
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Introduction 

These studies have been undertaken for the observation of any pathological 
alterations which might present themselves m cases encountered here m uhich the 
spleen was enlarged, whether such changes involved tissues oi various types of cells 
In the necropsies performed at the Medical College Hospital during the past nine 
years the majority of the cases m which the spleen has been found to be greath 
enlarged have been due to infection with Leishnama donovam In so fai as this 
disease is concerned the distribution of the parasites was fully and admirably 
described by Christophers (1904) Further contributions have been made by 
Laveran (1917), Meleney, Shortt (1923), Perry, De (1927), and Cash and Hu 
From these studies it has been shown that the parasites could be found m any pait 
of the body where cells of mononuclear type might be located Their distribution 
m fact was that of the so-called reticulo-endothehal system Pittaluga (19^7) 
refers to this widespread distribution as constituting an actual pathological 
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‘ blockage such as is produced experimentally by the injection of certain dyes 
and colloidal materials and this view is undoubtedly supported by the appearances 
observed by us 

We have undertaken m this work to study the mesenchymal reactions and the 
alterations in hsematopoiesis, which might result from, or be associated with, this 
extensive parasitization of such cells 

With the studies of tho<=e cases in which the splenomegaly was due to infection 
with Leishmama donoiam, we have included a number of others, in which no such 
etiological agents were found 

In this first pubhcation we record the results of our observations on the con- 
nective tissue and reticulum of the bvers and spleens of a senes of cases most of 
which were kala-azar infections 


Technique 

The matenal secured has been fixed in Zenker’s fluid either with acetic acid, or 
with formol neutralized with magnesium carbonate 

The stains used have been Heidenham’s Azan-Farbung (1928) for fibrous 
tissue — a modification of Mallory’s aniline blue method, and Foot s modification of 
the Bielschowsky-Maresch technique for reticulum 

By these methods we have studied a series of thirty-one cases in twenty-five of 
which we demonstrated the presence of Leishmama donoiam 

In a twenty-sixth case a culture of flagellates had been secured but Leishmama 
donoiam could not be discovered post-mortem 

Notes on these cases and on the histological appearances are presented in the 
following table — 

It will be seen from the table that, in twenty-three cases in which Leishmama 
donoiam was demonstrated no increase of fibrous tissue or of reticulum occurred m 
the spleen In two cases there was slight coarsening of trabeculse and reticulum 
fibrils 

In the twenty-sixth case (No 1) m which a flagellate culture had been secured 
before death but m which Leishmama donoiam was not demonstrated post-mortem 
there was slight apparent increase of reticulum m the spleen In this case however 
there was a complication m the existence of widespread tuberculosis including the 
presence of tubercles in the spleen 

Of five cases not due to kala-azar, three showed sbght coarsening and increase 
of reticulum fibrils 

In the liver m one case (No 19) there was a definite, marked cirrhosis of the 
liver chiefly of the Leennec type 

In five cases (Nos 13, 18, 24, 29 and 31) there was sbght portal fibrosis, which 
was not, however, widely spread In three cases (Nos 5 11 and 12) there was 
slight patchy fibrosis 
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Discussion 

In such an organ as the spleen the parasitized cells are not fixed parenchyma 
cells as are those of the liver They do not seem to be extensively destroyed by the 
presence of the parasites within them They are probably, howevei, effectively 
£ blocked ’ in their activities One would consequently not expect in this organ 
fibrous tissue repair, as m other organs like the liver when essential parenchyma 
cells are destroyed 

In the liver, again, the cells involved directly are the similar littoral cells of 
Kupfier The liver cells themselves are not immediately damaged 

From the table hepatic fibrosis is seen not to be the rule When it occurs it 
may be concluded that it is the result of other direct causes, or only indirectly due 
to the Leislimama infection, which, by hampering blood regeneration, and inter- 
fering with the defences, may predispose to various intoxications 

Summary 

The spleens and livers from a series of 31 cases of splenomegaly, 26 of which 
were due to kala-azar, have been examined by special staining methods to demons- 
trate the fibrous tissue and reticulum 

In 80 per cent of cases of proved kala-azar the spleens showed no increase of 
either fibrous tissue or reticulum 

In 70 per cent of cases the livers likewise showed no increase of fibrous tissue or 
reticulum 

Fibrosis of the spleen and cirrhosis of the liver cannot be considered regular 
features of kala-azar itself 


Christophers (1904) 

Laveran (1917) 
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Hfidenhain (1928) 


REFERENCES 

Scient Mem Off Med and San Depart of the Got 
of India (new Senes), Nos 8 and 11 
1 Leislimamoses ’ Pans 
Amer Jour Path , J, p 147 
Ind Jour Med Res , XT, p ISO 
Jour of the Roy Army Med Corps, XXXIX, p 323 
Leishmaniasis as an infection of the reticulo endothelial 
system Ind Jour Med Calcutta, February 
Jour Amer Med Assoc , LXXXIX, 19, p 1570 
Arch f Schiff u Tropen Ilya XXI, p 340 
‘ Azan Farbung as detailed in Stohr Lelirbucli dcr 
Histologie z 21 Aufiage von W von Mollendorff 
(p 435), Fischer, Jena, 1928 
Amer Jour Path , I, p 432 


Foot 




















I 

1 


Plate 


xxiu 












Tvd Jour Med Res, XI X, 2, October, 1031 
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The disease characterized as Epidemic Propsy is one of particular interest and 
importance m Bengal The literature describing the various clinical conditions 
encountered in it, and discussing the oetiology and epidemiology, is voluminous 
We have, however, not been able to find any detailed description of flic 
Pathology 

A short note on some of the morbid features presented xn one of our cases u as 
written by Acton and Chopra ‘ t 

We have had the opportunity of studying the changes present m four fatal 
cases and the following are the results of our observations — 

Case 1 — Abstract of clinical notes 

The patient, a Hindu male, 40 years of age, was admitted m the service of Major E H V Hodge, 
ins, on tbe 17tb September, 1926, with dyspncea, anasarca and cyanosis The condition began ono 
month prior to bis admission Clinical examination showed dilatation of the heart, nrlnthmin, and 
cederaa of the lungs Death occurred two days later 

Necropsy 20 9 26, eleven hours after death 

Prosector Dr De 

Morbid anatomy There was general anasarca with bilateral bydrothorax, and liydropcntonoun, 


* Ind Med Gazette, LXII, 359, 1927 
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Skm In various situations, most markedly in tho legs, there were red areas of irregular slinpe 
forming a line extending through the fatty statum subcutaneum parallel with the surface This 
appearance was similar to that encountered m Case 4, and shown in Plate XXIV, fig 1 
Pleural cavities Each contained about 1 000 c c of thin, pale, clear fluid 
Lungs (Edematous 

Pericardium A trace of fluid present A number of small irregular red areas observed under 
neath the epicardium 

Heart Dilated — otherwise no gross changes 

Liver Passively congested 
Spleen Small and congested 

Stomach, Intestines, Kidneys, Pancreas, Suprarenals, Peritoneum and Omentum No gross 
changes 

Brain Congested and oedematous 

The chief gross lesions in this case were in the subcutaneous tissue 

Case 2 — This patient was in the service of Dr J Ferens Coltman m the Presidency General 
Hospital, to whom we are indebted for the clinical and post mortem notes 

Tho patient, an Anglo Indian, 62 years of age, was admitted to hospital on 12 8 29 His illness 
began on 4 7 29 with headache, fever and pains in the legs A week later a nodule appeared on tho 
right thigh about which the skin became discoloured Others appealed in rapid succession o\er 
the legs, abdomen, thorax, and upper extremities About 1 8 29 he noticed swelling and cedcnia of 
the feet, ankles and legs, and a fairly severe diarrhoea 

The chief clinical features observed were oedema, and numerous nodules, described from their 
appearance as ‘ angiomatous ’ They were scattered all over the body and varied in size and 
shape Their average diameter was about 3 mm There was one on the left conjunctiva 
One on the face bled freely on 14 8 29 This bleeding was controlled by pressure 
The patient died suddenly on 18 8 29 
Necropsy 18 8 29, six hours after death 
Prosector Dr J F Coltman 
Morbid anatomy 

Skm Dark in colour, over lower abdomen and thighs Scattered over the entire body acre 
numerous 1 angiomatous ’ nodules as noted above 

Pleural cavities A small amount of slightly turbid fluid present in both Numerous small, 
bright red ‘petechial hsemorrhages ’ present over the parietal, and visceral areas of the low cr lobes 
of both lungs 

Lungs (Edematous 

Pericardium Subepicardial fat showed many small, bright red ‘petechial hemorrhages 
Heart Enlarged and dilated, especially on the right side 
I aver Passively congested 

Spleen Congested 

Stomach, Intestines, Kidneys, Pancreas and Omentum No gross changes 
Suprarenals Very ‘ mushy ’ 

Peritoneum Under the parietal peritoneum covering the inner surface of the ribs, and dm 
phragru on the left side, and the liver on the right, w ere a number of small ‘petechial hremor 
ullages ’ and vesicles filled with clear or slightly turbid fluid 

The chief lesions in this case were in the skm, pleura, peritoneum and subepicardium 
Case 3 — The patient, a Mohammedan male, 35 years of age, was admitted m the service o 
Dr U P Basu on the 12th August, 1929, with swelling of, and pam in, the extremities o one 
month’s duration 

Death occurred on tho 2Stk August 
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Necropsy 29 8 29, twenty eight hours after doath 
Prosector Dr Be 

Morbid anatomy Decomposition -was advanced 

The anatomical diagnosis was Bilateral ploural offusion , congestion, livor, spleen and kidneys 
(Edema of logs 

In tins case tlio legs were codcniatous andtlio skin below the knees presented on section an irre- 
gular, firm purplish red lino through the stratum subcutancum Tho edges of this area were sharply 
defined This condition was confined to tho skm of tho legs 

Case 4 — This patient, a Hindu fcmalo, 31 years of age, was admitted in the service of Dr B 
Mazumdar on tho 17tli January, 1930, with dyspnoea palpitation, oedema of the legs and insomnia, 
and bleeding pi'es of about ono month’s dmation In hospital she had a low, irregular, febnlo tem- 
perature, and becoming gradually worse died on 12 2 30 
Necropsy 14 2 30, forty three hours aftor doath 
Prosector Dr De 

Morbid anatomy There w as general anasarca w ith bilateral hvdrothora\ and by dropentoncum 
External examination including skin Many' blotchy erythematous 1000111-0 were present on 
the skin of the lower abdomen The skin of the inguinal regions and upper areas of the thighs was 
thickened, firm, inelastic, rough, and relatively dark in appearance 

The skm of the back, particularly over tho lumbar region, was also thick and relatively 

dark 

The breasts when palpated felt nodular, there being firm, lobulatcd, movable masses underneath 
When making the usual incisions the subcutaneous fat w as seen to present a line of areas, 
purplish red m colour, and irregular in contour, ns if lobules w ere infiltrated w ith blood 

Over the abdomen this extended to the sheath of tho rectus The dermis appeared thickened 
and congested (Plate XXIV, fig 1) 

Over the lower abdomen tho dermis was thickened and injected, nnd the firmness and lack of 
elasticity and the darkening were found to bo due to the lino of ‘ haemorrhagic ’ looking subcutaneous 
tissue 


Incisions were made into the skin of the thighs, legs, feet and back 

Similar appearances to those described wore present (Plate XXIV, fig 2, nnd Plate XXV 
figs 3 and 4) ’ 

The skm over the dorsum of the feet was very cedematous but less injected than that in the other 
situations Features of the red areas in the subcutaneous areolar tissue, particularly over the 
thighs, were their firmness and sharply delimited outlines When taken between the fingers the skin 
and subcutaneous tissues felt relatively hard ° 

On incision through the breasts the fatty connective tissue about nnd underneath was seen 
to present many areas similar to those in the subcutaneous regions Tho firm palpablo nodules con 
sisted of red ‘ hemorrhagic ’ looking areas (Plate XXIV, fig 12) The mammary tissue itself presented 
its usual appearance In the fatty tissue in the omentum, about the descending colon and in the 
pelvis, these ‘ hemorrhagic ’ areas were almost continuous, and in it tho fat was° , lnrn ’ , , 

such (Plate XXVI, fig 5) The appendices epiploice stood out very prominent. v ” pCplc 

nodules The pelvic veins were enormously dilated and hemorrhoids were present P P 

Further notes on internal examination 1 

Pleural cavity right Contains 600 c c of clear yellow fluid 

Pleural cavity left Contains 1,000 c c of hemoglobin stained fluid 

Pericardial cavity Contains 120 c c of hemoglobm stained fluid 

Lungs Both are somewhat cedematous 

Heart The subepicardial fat over the vent not™ , 

colour V6ntn0leS muth co "g<*ted and appeared puiphsh in 
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Liver Moderate grade of passive congestion shown 
Spleen Congested in appearance 
Uterus and cervix were a bright purplish red in colour 
The marrow in the middle of the femur was red 

The spinal cord showed marked injection of the veins m the pia (Plate XXV, fig 3, and 
Plate XXIV, fig 6) 


Morbid histology 

As the special features in all four cases were much the same we shall describe 
them together and note separately any appearances observed in any particular one 
of them Descriptions of organs not presenting any characteristic changes are 
omitted 

Case 2 was the only one showing widespread nodular lesions of the skin but 
unfortunately the material was not available for microscopical study These 
nodular lesions are commonly enough seen but were not present m the othei three 
of our cases in which histological studies have been carried out 

The skin In all cases sections show fanly marked dilatation of capillanes in 
the outer portion of the stratum papillare close to the epithelium (Plate XXVII, 
fig 7) 

The inner portion of the stratum papillare and the stiatum reticulaie show an 
occasional dilated vessel (Plate XXVII, fig 8) 

The fat tissue of the stratum subcutaneum shows great numbers of enormousl) 
dilated capillanes These vessels have thin endothelial walls only (Plate XXVII, 
fig 9) 

The dilatation of the vessels m these situations is not accompanied bv any 
outwandenng or emigration of leucocytes, and only m a few places has haemorrhage 
been seen (Plate XXVIII, fig 10) 

In the description of the gross appearances we several times referred to 
‘ haemorrhagic ’-looking areas Sections have shown that these appearances were 
not due to extravasations of blood, but to the extreme vascular dilatation 

The bronchi These were examined m Cases 1, 3 and 4 and showed similar 
changes m each They consist of dilatation of veins and capillaries in the 
submucous area, and between the glands, particularly m the former location 
The lungs There is moderate dilatation and engorgement of the alveolar 
capillaries In the alveoli are a few cells and some granular-looking material as 
occasionally seen m oedema of sotne standing 

The heart ' Sections show many widely dilated vessels in the subepicardial 
fat (Plate XXVIII, fig 11) There are also many similarly dilated ones between 
the muscle fibres, particularly near the surface In addition there are man} 
dilated veins The muscle fibres are sharply defined, the striations distinct an 
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t.lic nuclei clear These appeal uncos w’cic picscnt in Cnsc 1 and in Cased, and 
also, but less pionounced, m Case 3 

The hypophysis While the eupillaues in the nntcuoi portion are prominent 
they do not appeal to \an much fiom the lionnal stale 

The c}c In the cilinii processes the \essels aie c oiisidei al)l> dilated and 
engorged, othciwisc thcic is little of note 

The thyroid Little of note is obsened , while some vessels aie fanl) full this 
is not a pronounced fcatuie 

The mammcc (Case 4) The Inca*-! tissue propci does not show an} abnormal- 
ity The connective tissue and fat, paitiuilarlv the lattei, show gie.it numbers of 
widely dilated and engorged vessels Some of the lobules are clammed with 
them The gross appearance is thus explained (Plate XXIV, fig 12) There arc 
no outwandcrcd cells in these areas 

Mesenteric ljmpli nodes These show modeiate guides of capillar} dilatation 
In the fatty tissue about them this featuic is \er} piommcnt 

The intestines generally show dilated vessels in the submucosa Their special 
feature, lunvever, consists of the enormous numbers of engorged xesscls m the 
subperitoneal fat and in the longitudinal muscle 

The liver, spleen, lndnc)s, pancreas, sain an glands sciatic and anterior t)binl 
neives do not present any characteristic features 

The suprarenals In Case 1 thcic was no change worthv of note 

In Case 4 theie was modeiate vascular engorgement in the medulla with, 
m places, some collections of round wandering cells 

The ovary This shows widespread dilatation of cnpillancs and \eins (Plato 

XXVIII, fig 13) 

The cervix uteri The appcaiancc of sections of tins shows fiom the submuco^n 
outwards, including the muscle, vciy numerous, widely dilated and engoiged capil- 
laries and veins 

The body of the uterus shows similarly dilated vessels, but the} nic not nearly 
so numerous 

Striped muscles (skeletal) These m places show dilated and congested capil- 
laries In certain sections there are spaces between the fibres which present an 
' cedematous J appearance 

The spinal cord of Case 1 was examined histologically but no noteworthy 
c range was seen That from Case 4 was unsuitable for sections on account of 
post-mortem alteration 


Summary 

described Path ° logl,Cal flndulgs m four cas<!s »f **>1 eprdemrc dropsy arc 
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In all four tlie chief features are similar and consist of extreme and widespread 
dilatation of capillaries These dilated vessels are seen most abundantly in fatty 
tissue m such situations as m the stratum subcutaneirm and under the pericardium 
and peritoneum 

In certain cases, m the skm, the dilated vessels may push the epidermis out- 
wards, producing ‘ angiomatous ’ nodules, which may rupture and result in 
haemorrhage 

The intoxication m epidemic dropsy seems to give rise to dilatation of capil- 
laries, and this feature is most marked, apparently, m situations where the vessels 
have the weakest tissue support 



Plate XXIV 
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Plate XXV. 



Photographs of two pieces of shin and of a portion of spinal Photograph of thigh — the dilated vessels in stratum sub- 

cord Moderate dilatation of vessels along spinal cord cutnncum gi\o it a black ‘ hxmorrhngic ’ appearance 




Fig 5 

Photograph of colon showing blackish (actually when seen a deep purple) 
appearance in it and mesocolon , appendices epiploic® distended — all due to 
extremely dilated vessels 
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NUTRITIVE VALUES 03? (1) BENGAL GRAM (CICER ARIETINUM, 
LINN ), (2) HORSE GRAM ( DOLICHOS B1FL0RUS), 

(3) LABLAB PEA (DOLICHOS LABLAB) 

BY 
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AND 
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Bengal gram is the most widely grown among the pulses of India and accord- 
ing to agricultural statistics, it accounts for nearly 13 per cent of the total area 
(including States) under food crops The crop is laised all over the country, the 
upper basins of the Ganges and the Indus being the chief giam-producing areas 
It is believed to be highly nutritious and is consumed by all classes of people and 
m many parts of the country it is fed to horses and cattle The vernacular 
names are Sanskrit, Chenaka , Hindi, Chana , Tamil, Kadalay and Telugu 
Senagalu 

Although not deemed a superior pulse, the horse gram is largely used by the 
poorer classes, being perhaps the cheapest of Indian pulses In Madras and 
Bombay, it is an important crop and is one of the chief pulses used as cattle food 
It is grown as a catch-crop and thrives with minimum amount of lamfall As it 
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enriches the soil with nitrogen, the plant after hai vesting the seed, is generally 
ploughed m as green mamue The vernacular names are Sanskrit, Kulathtlia , 
Hindi, Kultlu , Kannada, Hurali and Tamil, Kollu 

The lablab pea is more a garden plant than an agricultural crop It is grou n 
all over India more or less, but is comparatively rare m Northern India and becomes 
abundant m Central, Western and South India The beans are often plucked eail} 
and used as a gieen vegetable When the plant turns yellow, the crop of ripe pulse 
is gathered and the plant is afterwards fed to cattle The vernacular names are 
Pavta, Wall, Maniavare, Mochai, Avare, etc 

This paper deals with the isolation and analysis of the globulins of these seeds 
and also with the determination of the biological values of their total piotems 

Experimental 

The seeds were sun-dried until crisp and easy to handle The husks wcic 
removed from the Bengal gram and the lablab pea and the kernels ground to obtain 
the flour The horse gram was ground whole as it was not possible to lemove the 
seed-coat and also as the whole seed is invariably fed to animals Flours passing 
through a 40-mesh sieve were used in the present investigation, specimens dried at 
100° giving the following results on analysis — ' 


Table I 


Pulse 

Ash 

Ether 
cxtrnctn cs 

Crude 

fibre 

Crude 

protein 

I 

Carbohydrates 
(by difference) 

True protein 
(determined 
separately) 

1 

Ctccr arichnum 

2 45 

4 72 

1 13 

28 14 

63 56 

25 04 

Dohchos bxjlorus 

3 51 

2 32 

5 48 

20 40 

02 20 

21 93 

Dohchos lablab 

3 45 

1 73 

I 15 

28 74 

64 03 

27 40 


The methods of isolation and analysis of the globulins and the determination of 
the biological value of the proteins have been dealt with m detail in Part I of this 
paper (This Journal, Vol XVIII, p 1217) Exactly similar methods have been 
employed m these experiments 

The globulins were prepared by two methods as before (1) Dilution of the 
saline extract and later acidification and (2) Dialysis of the saline extract The 
numbers (1) and (2) in the following tables refer to preparations by these two 
methods 

The globulin preparations from Dohchos bijlorits, Dohchos lablab and Ciccr 
anehnum were respectively light brown, white and cream-coloured All 
gave reactions characteristic of piotems and contained sulphur, tyrosine and 
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tryptopliane They were completely soluble in dilute alkali and glacial acetic 
acid Elementary analysis gave the following percentages — 


Table II 


! 

Cicer anefntum 

Dohchos Inf orris 

Dohchos labial) 


j (1) 

(2) 

(1) 

(2) 

| 

(1) 

(2) 

Moisture 

7 21 

7 ( ii 

0 46 

| 9 44 ' 

1 | 

10 44 

10 51 

Ash 

1 0 21 1 

0 28 

0 80 

0 74 ! 

0 68 

0 54 



On ash and moisture free basis 



Nitrogen 

16 91 

16 87 

16 38 

| 16 76 

1 16 59 

15 59 

Sulphur 

0 64 

i 

0 66 

0 33 j 

0 37 

0 44 

0 10 


The results of the Van Slyke analyses of these preparations and of mdnidual 
determinations of the amino acids m them are given m Tables III and IV Cystine 
was estimated by the more recent method of Remington (1930) 


Table III 


Analysis of the globulin peparahons by ihe Van Style method 
(Expressed as per cent of total nitrogen ) 


Form oi nitrogen 

1 

Globulin of 

Globulin of 

Globulin of 

Dohchos (nf orris 

Cicer arichnum 

Dohchos lahlab 


oi 

(2) 

(1) 

(2) 

(J) 

(2) 

Acid insoluble melanin 

1 1 32 

1 03 

0 66 

0 49 

0 32 

0 98 

0 42 

0 86 
041 

Acid soluble melanin (absorbed 
by lime) 

0 13 

0 12 

0 58 

Amide 

11 19 

1134 

10 47 

10 5S 

9 09 

8 09 

Dmmino — 

j 






Arginine 

Histidine 

Cystine 

Lysine 

12 12 

6 07 

0 70 

9 73 

12 69 

4 35 

0 59 

10 54 

20 4S 

2 25 

0 92 

8 35 

19 95 

2 33 

0 96 

9 02 

16 99 

2 12 1 
0 09 

8 76 

16 82 

2 66 

0 73 

9 22 

Mono ammo — • 






Ammo 

Non ammo 

— J 

59 71 

130 

69 32 

1 93 

56 82 

0 71 

5612 

0 82 

56 82 

3 96 

50 75 

3 58 

Total 

102 27 

101 91 

10124 

100 59 

99 83 
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Table HI-concM 


Form of nitrogen 


Globulin of 

Globulin of 

Globulin of 

Dolichos bifioruc 

Cicer anctinum j 

Dohchcs lablab 


Free ammo N in the native proteins 


\ 

(1) 

(2) 

(i) 

(2) I 

j 

a) i 

(2) 

By direct estimation 

4 92 

4 95 

4 74 

4 67 

4 47 

4 55 

Half lysine nitrogen 

4 87 

5 27 

i 

418 

4 51 

! 

4 38 | 

4 61 


Table IV 


Expressed as pei cent of protein ( ash and moistw e-free) 


Amino acid 

Globulin of 
Dolichos 
biflorus 

Globulin of 
Cicer 
anehnum 

Globulin of 
Dolichos 
lablab 

Method 

1 

Lysine . 

8 15 

7 42 

7 27 

1 

Van Slyko 

’ 

Histidine , 

1 

2 38 

142 

138 

” 

Arginine 

1 

[ 6 00 

| 

10 29 

l 

8 09 

, 

99 

I 

7 07 

11 85 

8 72 

Phmmer and Rosedalc (1925) 

Cystino 

124 

2 02 

1 54 

1 

Remington (1930) 

Tyrosmo 1 

4 01 

2 95 

| 

4 34 

1 

Fobn and Marenzie (1929) 

99 

5 74 

4 90 

6 11 

Zuwerkalao (1926) 

Tryptophane j 

i 

0 76 

0 46 

1 

0 44 

Folin and Marenzie (1929) 

9* * 

1 02 

' 0 4G 

i 

0 42 

■ 

; 

Tillmans and Alt (1925) 


Feeding experiments were carried out at a 10 per cent level of protem intake 
instead of at 5 per cent winch was previously found to be lower than the minimum 
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is given below 


Table V 



Non protein 
ration 

Protein ration 

Cano sugar 

10 

10 

Butter fat 

8 

8 

Cod liver oil 

2 

2 

Agar agar 

1 

0 

Salt mixture 

4 

25 

Flour 


Enough to contain 

10 per cent pro 
tcm (N y 0 25) 

Starch 

75 

. To mako up to 100 


Tlie flour was mixed with sufficient water and cooked on a boiling water 
bath for 30 minutes The starch, sugar and the salts were then added and 
the cooking continued until the starch was completely gelatinized After 
cooling, the fats were mixed m thoroughly and the mixture spread out m thm 
layers on glass plates and dried at a temperature of about 60° — -70° and finally 
powdered 


Apart from its food, each rat was fed daily with 3 — 6 drops of cod-liver oil and 
50 mg of dried brewer’s yeast containing 2 9 mg nitrogen which, however, has not 
been taken into accdunt m calculating the metabolism data given in Table "VI In 
addition to the biological values, the digestibilities of the proteins have also been 
calculated from the equation 

Percentage digestibility = Absorbed N x 100 

^ Total intake of N 

ln Table VIX are S lren net protein values of the three pulses calculated as 
follows (Mitchell, 1923) — 


Net protein value == ~ tent of dig estible protein X biological value 

100 — 



Metabolism data ( daily avei ages) 
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Digestibility 

per 

cent 

rj S' ~s o » . _ 

o «a o <o ID £ Jv 

Biological value 

per 

cent 

ca o 10 io 

cd cd © o © o 

Total nitrogen re 
tamed 

t D 
£ 

t- 00 o <~* f* *-l 

t- © © CJ d CO 

«-* C5 lO © rH © o 

CO d CO d d <N 

Food nitrogen m 
urine 

to 

£ 

1128 

14 83 

16 00 

11 70 

13 07 

1108 

A ve 

Absorbed nitrogen 

fcc 

S 

>0 ^ O O ^ C7 

o IT' o CO o 

CD rH i—l GO t* O 

t ^ ia « 

Food nitrogen in 
feces 

ti) 

E 

icr cent 

i per cent 

29 38 

28 33 

30 64 

I 26 39 

26 53 

30 35 

Endogenous nitrogen 
m urine per 100 g 
body weight 

to 

S 

P* IZJ 

r- 

'£<-H^Ot'-vQC©©»-* 

goocsdcodij 
° N P5 w ^ hr 

o CM CM CM d <M Cl 

II 

B 
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feces per gramme of 
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u 

o 

-p 

Ct-^OC3— < © © c3 

000”*tlOi-iOCDM 
•Pddd^CddP 
a & 

*-* o 

o « 

O - ~ 
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to 

fi 
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s 
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S-i 

Nitrogen intake 
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Food intake 

to 
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Initial weight 

to 

90 0 

80 5 
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77 0 

69 5 

81 9 

81 1 

73 5 

83 0 

08 5 

63 0 

74 4 

Rat No 
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into account m calculating tho average biological -value 
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Table YII 


Pulse 

Total protein (Ny G 25) 

Net protein value 

Per cent 

Per cent 

Dohchos biflorus 

2G 40 

10 43 

Cicer anehnum 

2S 14 

16 GS 

Dohchos lablab 

2S 74 

10 G5 


The analysis of the three globulins (Tables II, III and IV) show that the 
different preparations of each of the globulins are identical m composition The 
globulin of Cice > anehnum contains moie argmme than is usually met with m 
globulins The globulin of Dohchos bijloms contains a higher percentage of 
tryptophane than the other two 

From the metabolism data, the average biological values at a 10 per cent 
level of intake of the total proteins of the pulses Dohchos bijloms, Cicei 
anehnum and Dohchos lablab are respectively 67, 78 and 57, while their 
percentage digestibilities at the same level of intake are 59, 76 and 65 
respectively The total protein of Cicer anetinum is therefore not only more 
digestible, but also better assimilated than the proteins of the other two 
pulses Hence its net protein value (Table YII) also is higher The piotem 
of Dohchos lablab is more digestible, but has a lower biological value than 
that of Dohchos biflorus 

Summary 

The globulins of Cicer anehnum, Dohchos bijloms and Dohchos lablab were 
isolated and analysed by the method of Van Slyke Tyrosine, tryptophane, 
cystine and arginine were estimated by separate methods A determination of the 
biological values of these three pulses has been carried out by means of feeding 
experiments on rats at a ten per cent level of protein intake Among them, 
Cicer arichmhn appears to be the best protein food because of its high net 
protein value 

The expenses of this investigation were met by a grant from the Indian Research 
Fund Association 

Our best thanks are due to Dr Jivra] N Mehta, md, m r c p , Dean, Seth 
0 S Medical College, for the encouragement he has given us so freely and to 
Col R McCarnson, cie, me, d sc , r R c p , ims, Director, Nutritional 
Research, I R F A , Pasteur Institute, Coonoor, for suggesting the use of the 
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Coonoor type of cage foi the meta holism experiments A slightly modified form 
of the above cage is now being used with satisfactory results 


Folin and Marenzie (1920) 
Mitchell (1923) 

Pluimer and Rosedale (1025) 
Remington (1930) 

Tulmans and Alt (1925) 
Zcwerkalao (192G) 
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further observations on the diets and maternity 

CONDITIONS OF WOMEN WORKERS IN BOMBAY. 

BY 

SHAKTJNTALA K TALPADE, mb.bs 
Maternal Mentality Inquiry, Indian Iicscaroh Fund Association , Huff Line 

Institute, Paid, Bombay . 


[Receded for publication, May G, 1011 ] 

During previous years tlie members of the Maternal Mortality Inquiry bn\e 
investigated the social conditions of women of tlie industrial class in the city with 
special reference to their diet (Wills and Talpndc, 1930), the conditions during 
pregnancy and the result to the children bom (Balfoui and Talpndc, 1030) Tlie 
author has continued these studies during the past year with a \ icu to confirming 
and extending the earlier observations As formerly the inquiry was limited to 
women mill-workers and to the wives of mill-workers The methods of stud} v, ere 
the same as previously reported (Wills and Talpade, 1930) 

For the present investigation 45 women were selected for detailed stud} These 
cases were drawn largely from the Hmdu working class and included wires of 
workers Roughly half were Ghatecs, people from the Ghats, and hnlf Konkanecs, 
people from the coast This selection was made as social workers, (personal 
commumtiOn) have stated that the diets of these two classes were \er\ different 
When at their native place this may be so, because of the varying nature of tlie 
local food supply but in Bombay circumstances compelled them to buy in tlie 
cheapest market with the result that their diets were very similar These two 
classes were further subdivided into workers and wives of workers For the 
benefit of European readers it must be stated that all the women w ere man led and 
the majority had had children 

Tables I and II show the result obtained in the present inquiry and for purposes 
of comparison some of those previously reported The results ere veil simitar to 
those previously recorded As before the AetLiam^aWy low products 

especially annual fat and the total fat content is extremely low The crams eaten 

( 485 ) 
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however include whole grains such as hajiee (pearl millet) and patm (unmilled rice) 
which are good souices of vitamin B and salts, and contain moie protein than the 
milled grams These facts may explain the immunity fiom anaemia of pregnancy 
of these working class women In other respects, however, the diet is very poor 
as not only is the supply of essential food-stuffs low but the quality of the 
supplies, especially the vegetables, milk and fish is very inferior 

A detailed analysis of the diets of the difteient subdivisions studied is given 
m Table II There is no significant difference between the diets of the Ghatees 
and the Konkanees, though the latter have a slightly moie libeial diet The diet 
of the workeis is, however, higher than that of the wives and fuithermorethe diet 
of the present series of cases is definitely more liberal than that of the series 
previously studied These facts are remarkable and led to an examination of 
other data available to see if there is any explanation of these changes It is at 
once seen that the women workeis are m a fai better position than the wives of 
mill-woikers, for if from the united wages of the family the rent was deducted 
and then the money available per head for food and clothing is calculated on the 
same basis as the diet (Wills and Talpade, 1930) (Lusk’s coefficients factor), it 
is found that the women workers have Rs 17-14-0 per month whereas the wives 
had only Rs 9-4-0 This fact explains the more libeial diet of the workers The 
question then arises as to why the mill class as a whole are better off than a year 
ago and therefore able to afford a more liberal diet The explanation is probably 
that when the previous survey was made many of the mills w r eie working sliort- 
time, so that the monthly wage w r as reduced and further that the price of all 
food has fallen a ery considerably this year 

Now though the workers aie better off and better fed than the waves, it is a 
remarkable fact that the average weight of the babies of the non-w r orkeis (51b 
15 oz this series) is greater than that of the workers (5 lb 11 oz ) The 
average weight of both has, however, risen as compared with the previous 
findings (workeis 5 lb 8 oz , wuves 5 lb 12 oz ) (Balfour and Talpade, 
1930) This is of considerable importance as demonstrating the importance 
of the food supply m this connection As pointed out m the earlier paper 
(Balfour and Talpade, 1930), the diet of Indian industrial workers is so deficient 
that it reacts on the foetus and leads to the birth of infants that are significantly 
lower in weight than the average infants of the same race and place but belonging 
to the non-industrial classes In England this is not so, for the disabilities 
of the industrial class only affect the child after birth at birth the infant 
is of average weight and size This yeai m Bombay the average weight of the 
infants from this small senes of industrial workers was nearly approximate 
to the mean for the non-industrial classes, presumably owing to the more 
liberal diet It is to be regretted that another control series was not obtained, 
as it is possible that this too w ould show a higher average birth w eight The fact 



Table I 





















Daily average food consumption, blood count, housing and income of null -woi Las 
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Haemoglobin per cent, 
100 per cent= 13 8 
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that the average weight of the woihcrs bnhussalfiO lose is, no doubt ns staled nbo\e, 
related to the grcatci food intake though 1 lie weight still falls short of that of the 
wives’ babies, owing piesumably to the injunous ofTect of work during the latter 
months Another factor that may opeiatc in impiovmg the birth weight is the 
maternity benefit winch is now available m nil the mills 

In conclusion I wusli to thank the Medical Ofiicers of the Wadia Tfospital for 
permission to investigate their eases and to Di Lucy Wills for help w ith this v ork. 
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STILL-BIRTH ARB NEO-NATAL DEATH IN INDIA 
A PRELIMINARY INQUIRY ' 


BY 

CHRISTINE J THOMSON, m d , rh » (St A ), 

Lady Incin Research World, Jwha, 1929-30. 

[Received for publication, Mftj 7, 1031 ] 

The following is a brief summaiy of the mam results obtained during a survey 
of the cases of still-bnth and neo-natal death occunmg m a huge number of Indian 
hospitals during the year 1929— full data regarding tins investigation being given 
in. a detailed report now m tlie press 

The work was undertaken undei the auspices of the L.ulv I nun Research 
Fund (as part of a larger inquiry into Maternal and Infantile Mortality 
being earned on by Dr M I Balfour and hci colleagues under the Indian 
Research Fund Association), and was commenced at the Ilaffkme Institute, 
Bombay, and completed in Madras At the end of the inquuv, Della and 
Calcutta were also visited by the writer, and a large number of hospital data 
personally collected 

The investigation comprised a senes of 200 post-mortem examinations of 
still-born foetuses, or cases of neo-natal dc'ath, together pith a classification 
of over 3,700 similar cases obtained from hospital legistois b} means of 
an All-India Questionnaire Owing to various modifying faotois m India 
such as the prevalence of tropical diseases ; vitamin deficiencies , social customs 
(such as purdah) which render the expectant mother more liable to disease , 
difficulty regarding adequate care during confinement , the problem of obtaining 
sufficient post-mortem examinations, etc —the results obtained aie of considerable 
interest, when compared with the findings of observers m the West 

* The full report of ivluch this paper is a summary, is obtainable from — 

(а) The Secretary, Countess of Duffcrin’s Fund, Viceregal Estates, Simla ]>„cc Re 1 

Or fiom 

(б) Messrs H K Lotus L Sons , Booksellers, Gower Street, London, W C 1 Price R, W 
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Still-Biith and Neo-Natal Death in India 


I POST-MORTEM SERIES 


The following weie the primary causes of death in the 200 post-moitem 
cases — 


Primary cause of death 

Percentage 

Complications of laboui 

19 5 

Antc-partum hamionhage 

135 

Toxiemias of pregnancy 

15 5 

Syphilis (a) ‘ certain ’ 

12 5 

( b ) ‘ possible ’ 

40 

Acute maternal disease (tropical, etc ) 

13 4 

Foetal states 

80 

Placental disease 

5 5 

Prematurity pci sc 

35 

Neo-natal states 

20 

Cause unknown — (macciated) 

30 


100 0 


Seventy-five per cent of these cases weie premature The community- 
distribution among the 194 mothers (6 being mothers of twins) was as follows — 


Hindus 151 

Mohammedans 15 

Christians (both Anglo-Indian and Indian) 28 


194 


(1) Complications of labour 

(a) Birth-traumata among the total cases — Exclusive of 85 macerated foetuses, 
21 cases among the 200 showed tentorial tears, with or without tears of the falx 
cerebri, while a further 3 had tears of the latter alone 

Among breech deliveries, 41 4 per cent showed septal tears, while the percen- 
tage for vertex presentations was only 15 3 One-third of the total cases of septal 
tears occurred, however, in spontaneous vertex deliveries Cerebral haemorrhage 
was of course present in the great majority of these cases, wdnle gross visceral 
haemorrhage was found in 35 instances 

( b ) Cases dying primarily from the complications of laboui — The figure df 
19 5 per cent for this group was obviously an under-estimate, as, owing to the 
impossibility of obtaining consecutive post-mortems, the series contained an undue 
proportion of macerated foetuses 

The complications of labour included contracted pelvis, malpresentations, 
prolapse of the cord, and d) stocia from various causes, including forceps delivery 
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The preponderance of multipnrro m eases of mnlpresentntion wna noteworthy, 
while a history of any nntc-natnl enre was gcncmlly absent 


(2) AnTK-VARTUM II/UtORRHAC.L 

Sixteen foetal or nco-natal deaths were due to accidental luemorrlinge, and 
11 to placenta pnovin, or a total of 13 5 per cent Cases of retro-placental 
luematomn have been included under placental disease 

Ante-partum luemorrlinge, when it. occms m Tndia, fakes flic usual heavy toll 
of fcetal and neo-natal life, but docs not account for such a large percentage of flic 
total still-births, etc , as in the West 

The association of accidental haemorrhage with malaria awaits further investi- 
gation 

(3) Toxaemias or prigisancy 

India presents features of great interest, with regard to the toxaemias of preg- 
nancy, and especially with reference to the striking geographical distribution of 
eclampsia 

In the series of 200 cases, 15 5 pei cent of the deaths were due to maternal 
toxaemia, while the writer’s personally-collected data showed that in Calcutta, 
during 1929, there were 10 times as many still-births and neo-natal deaths from 
eclampsia as m Bombay, and more than half again as many as in Madras The 
maternal mortality among cases of eclampsia was 32 14 per cent m Calcutta, ns 
compared with 9 42 per cent m Madras 

Among hospital deliveries, there was a much highei incidence of the disease 
among Mohammedans — a finding in accordance w’ltli the observations of other 
workers 


(4) Syphilis 


The data obtained during the present inquiry, both with regard to serological 
tests on various series of maternity cases, and with reference to the post-mortem 
examinations, suggest that at least in certain cities of India, this disease, as a 
primary cause of still-birth and neo-natal death, has been popularly o\ er- 
estimated 

(a) With regard to Bombay, out of 372 consecutive labour cases, 13 G per 
cent gave positive blood-reactions ’ 1 


(b) With regard to Madras, out of 1,000 similar cases, 12 5 per cent wci 
positive 

l “72 '’ e y° alled J that a ™ lla ‘ «»«<™y by J N Cruikshank m Glasgow (1924 
showed that the incidence of positive blood-tests was between 9 pei cent an 
10 per cent m patients of the hospital class P 

In the present series of 200 cases, the incident 

146 » and >:,«!■ “ tl j Eg’ 1 ;; 
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IS 3 per cent As a primary cause of death, the percentage due to the disease 
was 1G 3 Of the instances of ‘ certain ’ syphilis, practically 90 pel cent were 
spirocluete-positive 

Among the cases of syphilis, 83 7 per cent were niaceiated, while 81 per cent 
of the total were premature 

Although the great majority of syphilitic cases are usually macerated, the 
converse does not hold good, for the present series, for example, only slightly more 
than 1 case, out of every 3 macerated, was syphilitic 

(5) Tropical diseases 

In the present series, only 10 5 per cent of the still-births oi neo-natal deaths 
could be ascribed to tropical diseases per se It must be remembered, howevei, 
that the inquiry was limited, for all practical purposes, to urban populations, and 
therefore did not include malarial aieas such as the Punjab 

(A) The incidence of malaria was unavoidably under-estimated m the inquiry, 
since only cases which definitely showed paiasites m the blood could legitimately 
be included Instances classified as ‘ fever of unknown origin ’ must m some cases 
at least have been in reality malaria 

In a Bombav series of 83 placental smears, 3 6 per cent were positive for 
parasites 

(B) Although ‘ anaemia of piegnancy ’ is one of the most formidable causes of 
maternal moitality m India, this disease only accounted for 2 per cent of the foetal 
or neo-natal deaths m the series This figure, foi various reasons discussed m the 
Pieport, is also probablj an undei -estimate, as the writer found, for example, that 
in 1928, the percentage was 7 5 for similar cases occurring at the largest 
maternity hospital m Calcutta 

(C) No foetal death occurred from osteomalacia m the present series, but it 
must be remembered that the examinations were mainly earned out in Southern 
India where this disease is practically unknown 

Numbers of eases w r ere of course reported via the All-India Questionnaire 

(D) No deaths were primarily due to ankylostomiasis 

(E) Dysentery and ‘ acute enteritis ’ accounted for 2 5 per cent while 

(E) 2 5 per cent weie classified as due to ‘ fever of unknown origin ’ No cases 
were due to kala-azar, ben-ben, nor other tropical disease 

(6) Apart from specifically tropical affections, 2 5 per cent of the still-births 
or neo-natal deaths were due to acute or chronic maternal diseases, such as 
pneumonia or valvular disease of the heart 

(6) PffiTAL STATES 

These conditions (which include monstrosities, hydrammos, visceral haemor- 
rhages of apparently spontaneous origin, etc ) accounted for 8 per cent of the deaths 
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m the post-mortem series Syphilis appeared to piny no part in their 

causation . , , 

A feature of considerable interest m the present mqinr) was the number oi 

cases of malformation or disease of the urinary tract Apart from instances of 
gross associated congenital abnormalities (c g , nnenccphalus), there wwr o no fewer 
than 8 examples of this type of lesion, 2 of these having alreadr been c lassihcd under 

deaths from ‘ fcetal states ’ 

(7) Diseases or toe placenta 

Eleven deaths m the senes, or 5 5 pci cent, weie primnnh due to ‘ placental 
states ’ 

Out of a total of 144 placentas examined, no fever than 57 shoved audence 
of gross disease or abnormality 

An interesting finding m connection with all the placentas examined was the 
presence of leuoocytosis in no feuci than Id 4 per < cut of tin 1 spe( miens Phis 
subject is worthy of further investigation 


(8) Prematurity and neo-natal stati s 
A large amount of research is still leqinied, with regaid to the question of 
prematurity m India and the following notes are neccssauly limited m their 
scope — 

(A) With regard to the proportion of clnldicn premature!} born in am ordman 
senes of viable births the witter found that out of a senes of ] 077 comet nine 


deliveries m Calcutta, 18 2 per cent w ere premature the proportions \ an mg accord- 
ing to community from 9 8 per cent foi Europeans and Anglo-Indians, to 39 i per 
cent for Mohammedans (who, however, formed a very small proportion of the total 
births) 

The figures for Hindus and Indian Christians were intermediate being 23 G 
and 20 4 per cent respectively 

(B) With regard to prematunty ier$us matunty m 1,501 eases of still-birth 
and neo-natal death occurring m Bombay, Madras and Calcutta, the percentages 
of such foetuses prematurely born were 04 5, 04 4, and 59 2 lespertnel} 

(C) With reference to the proportion of foetal or neo-natal deaths ]» mianhj 
due to 'prematunty in the actual post-mortem senes, the figure was 3 5 pci cent 
The Questionnaire figures for all-India (which, of course, weie not based upon 
post-mortems) showed, however, a much higher incidence than this 

With regard to neo-natal states ’ (which include c pneumonia neonatorum ’ 
pulmonary hemorrhages, etc ), only 2 per cent of eases m the present senes weie 
primarily due to these causes 


Five cases of 1 pneumonia neonatorum ’ wane found m the series, mcludum a 
case classified under ‘ neo-natal states ’ c ' 



496 


Still-Bath and Neo-Natal Death in India 


It must be remembered that post-mortems are unusually difficult to obtain, 
m instances of neo-natal death, and that these findings are based upon a small 
number of cases 

(9) Fcetal maceration 

Three per cent of the cases m the post-mortem series had to be classified under 
1 maceration — cause unknown ’ 

II ALL-INDIA QUESTIONNAIRE 

This Questionnaire, regarding cases of still-birth and early neo-natal death 
occurring among hospital m-patients for the year 1929, was sent out to all the 
■women’s hospitals administered b} 7 the Countess of Dufferm’s Fund through the 
kindness of Dr A C Scott, c M o , w M s I , while additional copies were forw arded 
by the writer to a number of Government and Mission hospitals throughout the 
country 

The returns deal with 3,715 cases, which had not, of course, been subjected to 
post-mortem examinations The data obtained were consequently much more 
reliable for conditions such as the complications of labour, ante-partum 
haemorrhage, eclampsia, and foetal monstrosities, than for syphilis, prematurity 
per se, and neo-natal death, etc 

The figures for the primary causes of death were found to differ very widely 
for the various districts of India, but the mam findings may be summarized, briefly, 
as follows — 

(1) In 24 out of the 29 tabulated districts, the percentage of foetal or neo-natal 
deaths primarily due to the complications of labour appeared to be higher than m 
Great Britain, while m the remaining 5 districts (including Bombay, Calcutta and 
Madras), the figures closely approximated to the British findings 

With regard to contracted pelvis, which was mainly due to osteomalacia, the 
large number of multiparse compared with pnmiparse, was m striking contrast to 
the usual findings in the West 

The proportion of foetuses suffering craniotomy in cases of contracted pelvis, 
was almost identical with the percentage found in Great Britain 

Among very premature foetuses, a large number were malpresentations which 
might have spontaneously rectified themselves, had gestation been prolonged to 
full-term 

(2) Ante-partum hsemorrhage showed in general a much lower incidence than 
Great Britain 

(3) The same statement holds good for the toxaemias of pregnancy, with several 
exceptions — notably Calcutta The figure for Delhi and Agra were exceptionally 
low 
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(4) The very low figures for syphilis were clearly an innlei-sialement, sime 
many of the macerated foetuses classified undci ‘ cause unknown ’ must obviousl) 

have been due to this disease . 

(5) The incidence of ‘ acute maternal disease ’ (mainly tropical affections) 

as a cause of still-bnth and nco-natal death was found, of course, to be much higher 
m India than in the West— the figures varying from 1 1 per cent to 18 per cent for 
the great cities, as compared with an average Bntisli figure of 2 G per cent The 
highest percentages were found in Karachi and Slnkarpur, although the series in 
botii cities was small Many neo-natal deaths occ'mred m Bomba) ns a result 
of maternal malaria 

(6) ‘ Foetal states ’ do not appear to be more prevalent in India than in the 
West 

(7) With regard to prematurity pa se, the Questionnaire figures appear to 
show, even in the absence of post-mortem examinations, that a considerably 
higher percentage die from marked prematunt) m India than in Great Britain 
The average British figure is 3 2 per cent while the largest Indian cities \niied 
from 12 per cent to 17 per cent excluding the many malprescntations m realit\ 
due to prematurity 

(8) Data lelative to ‘ neo-natal states ’ w'ere obvious!) of doubtful \alue, in 
the absence of pathological examinations 

Of the total neo-natal deaths tabulated as from all causes, 87 22 per ( ent 
occurred m the first week of life, while 37 88 pel cent took place m the first 21 hours 
of existence 

(9) Practically no cases m the Questionnaire returns w-crc classified as due to 
placental disease 

(10) The percentage of macerated foetuses dying fiom ‘causes unknown’ 
varied greatly m the different districts 

(11) With reference to community, m the majority of places the still-birth rate 
among Mohammedans was m general significantly higher than among Hindus, 
while, with the exception of Lahore, the figure for ‘ Christians and others was the 
lowest of the three communities 


References to the findings of other workers, together with full appendices 
dealing with both the post-mortem and All-India Questionnaire cases, will be found 
m the Report- 1 ' which also contains suggestions regarding preventive measures 
relative to still-birth and neo-natal death m India 


Thanks have already been expressed m the mam Report, to the many alio 
rendered assistance during the various stages of the inquiry, hut the rente, desires 
lu connection with the Countess of Duffenn’s Rund, again to thank Di A C Scott,’ 
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the distribution- or anopheles LUDLOW jj IN BENGAD 

AND ITS IMPORTANCE IN MALARIAL EPIDEMIOLOGY. 
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School of Tiopical Medicine and Hygiene, Calcutta 

[Rcccivod for publication, May 9, 1931 ] 

Anopheles ludlown Theobald is a Ear Eastern species w itb a disi i ibntion rouging 
from India to Malaya, Siam, the Dutch East Indies, Borneo and Ihe ]»hihppmc 
Islands In India it lias a very limited range of distribution and it or purs onh 
m the Andaman Islands on the coastal tract of Lower Bui ma and in Low ci Bengal f 
Previous records of A lit dl own from Bengal are from one district- onh , name!} , 
24-Perganas and from three localities in that district- (Erascrgnnj, Ivonkondigec 
and Port Canning) Even m these three places this anophebne was none too 
common Because of its very limited distribution and sparse prevalence, malaria* 
logists in Bengal naturally ignored this species as being of no importance m the 
epidemiology of malaria m the province 


* Read before the Indian Science Congress hold at Nagpur in January ] ( )31 
t The distribution of Anopheles ludlown in India mentioned m this paper is based on records 
which are accepted generally and which have been subsequently confirmed b\ Inter workers There 
are, however, some reports of A ludlown from a few other localities which arc omitted here as they are 
not generally accepted and these are the records from (1) Goa, (2) Damnn in Giwornt, (3) Colombo 
and (4) Madras City Coveil (1927, Ind Med Res Memoir, No 5, p IS) considers tlmt the 
records of A ludlown from Goa and Daman are not entirely certain In fact, this species 1ms not 
been observed anywhere on the west coast of India The record of A ludlown from Colombo lias 
not been confirmed by subsequent workers and Carter (1925) thinks that the presence of this species m 

Cevlon is doubtful The record of this species from Madras City is a mention by Hodgson (101 1 Ind 

Jour Med Res , I, 4) of Home’s finding of the species m that city This record is a s cry doubtful 
one None of the subsequent woikers, including the present author, over found A ludloiut 
m Madras Some very intensive investigations wore carried out by Dr K R Rno ns Special 
Malaria Officer to the City of Madras and he never came across this species there, nor for tlmt matter 
anywhere on the Madras coast, even though, as he informs tlio author in a letter, be made n particular 
search for this species In a recent paper (Rao, 1930, Records of the Malar, a 8m ic,, of India 1 1 
Dec) he makes no mention at all of A ludlown in has list of anopholmes found in the MadJ, 
residency The Madras record is therefore a very doubtful ono From tho undoubted reonr ,] 
ava dahle, it seems likely that Bengal is the weJm limit of disfnbuJn of “ 
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The Distribution of Anopheles ludlown m Bengal 


The author’s investigations show that Anopheles ludlown has a much widei 
distribution m Bengal than is commonly supposed and that m many areas it oeeins 
m very large numbers Although this species is commonly considered as a sea-coast 
species, it has been found in the interior of Lower Bengal on the banks of tidal livers, 
and m some instances m places far removed from the sea-coast Moreover, 
Anopheles ludlovm has been observed to be highly susceptible to infection with 
malaria parasites and to have an abnormally high natuial infection rate It has 
also been found to be responsible for an epidemic of malai la of a severe type m the 
vicinity of Budge-Budge m the district of 24-Perganas and m Chengail m Howrah 
district In view of the occurrence of Anopheles ludlown m several parts of Lower 
Bengal and its high susceptibility to infection even under natural conditions, it is 
essential that it should be recognized as an important transmitter of malarial 
infection m Bengal 

Anopheles ludlown distribution in Bengal 

Anopheles ludlmvn is a brackish- water breeder occurring usually m areas close 
to the sea-board In Bengal, we find that while it occurs m areas close to the sea, 
it also extends very far inland, even as much as a hnndied miles inland from the 
sea-coast It should be observed, however, that it occurs mostly on the banks of 
tidal channels 

From the information now available as the result of surveys and investigations 
in Bengal, Anopheles ludlown has been observed to occur m three districts m 
Loner Bengal, namely, Howrah, 24-Perganas and Khulna,* the localities where 
it occurs in these districts are marked on the accompanying map ( see Map 1) In 
the district of Howrah, A ludlown occurs m the vicinity of Chengail on the right 
bank of the river Hooghly [Chengail , Rajbansipara , Premchand Mill , Ludlow 
Mill , Sisberia , Bauria , Paschim Bauna , Ckak Kasi ] In the district of 
24-Perganas it occurs in Saugor Islands on the sea-board ['Fuldobi , Beguakliab], at 
Port Canning on the river Matla, at Budge-Budge on the left bank of the Hooghly 
[Jaychandipur , 4bhirampur , Kalipur , Chorail , Radhakantapur , Orient Mill , 
Lothian Mill , Albion Mill , Badi Kalmagar], at Shamnagar which is situated 
19 miles to the north of Calcutta on the left bank of the Hooghly, and at Hasnabad 
on the right bank of the Ichamati [Chengnghata , Sayidpur , Taki , and Jalalpur] 
In the district of Khulna, A ludlown occurs extensively almost throughout the 
southern part of the district m areas cleared of the natural mangrove forests It 
has been found m various localities in the Sunderban area [Nallianalla , Kobodak , 
Supoti , Bemakkali , Cassiabad , Hangman , Bakupi , Kalabogi , Chandpie , 


* These records are based solely on the author’s ini estigations in Bengal The specimens 
from the localities here recorded are presen ed in the collections of the Bengal Malum Research 
Laboratory at Calcutta 
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Sarankhola and villages on the Haida Khal], at Debhata on the left bank of the 
Ichamati [Basantapnr] and at Mollahat m the northern part of Khulna district 

In the district of Khulna the distribution of A ludlown is more general and 
extensive than m the two other districts mentioned above and is m marked contrast 
to the sreatly localized and patcliy occurrence of the species m Budge-Budge, 
Chengail and Shamnagar The intensive breeding of A ludloivn m small areas 
that one obseives in the latter places and the absence of the species m adjoining 
areas even a few miles away from these foci seem to indicate that we have here the 
early stages of colonization bj r a species new to the area through random scatter- 
ing It seems probable that the isolated and often widely separated foci of 
A ludlown that occur on the banks of the Hooghly are the result of a comparatively 
recent colonization of the inland areas of the delta by this sea-coast species 

Some support to the view that A ludlown is new to these areas (Budge-Budge, 
Chengail and Shamnagar) is to be had from the fact that this species was not 
observed there previously Many years ago, Major C A Gourlay, IMS, made 
some very extensive collections of anophelines from Shamnagar and he did not 
come across even a single specimen of this species Dr E B Khambata carried 
out a malaria survey of Budge-Budge m 1920 and he did not observe any 
A ludloun then In connection with a malaria survey of the Rajapur Basm 
in Hon rah district which was carried out m 1926, a large number of mosquitoes 
were caught fiom Chengail and its vicinity and this species was not observed 
in that area at the time 

Fioin the nature of the distribution of Anopheles ludloivn on the banks of the 
Hooghly and from the fact that this species was not observed m these aieas pre- 
\ loush it is not improbable that this anopheluie has colonized these areas m recent 
years There is further support to this view in the fact that these aieas, which were 
pre\ lously reputed to be entirely healthy, have suddenly during the past few years 
become intensely malarious Moreover, the affected areas, which correspond 
closely with the ludlown breeding grounds, have suffered severely from malaria, 
whereas the surrounding areas still have a low malarial endemicity 

In Low er Bengal the general level of land is low and many areas are lower 
than the spring-tide level The banks of tidal rivers are generally embanked to 
protect the land and the crops from the tides The greater part of the lower reaches 
of the Hooghly is thus embanked Such protected land has innumerable collections 
of watei which are not affected by the tides Should such watei collections have 
that concentration of salt and the other factors that may be necessary for A ludlown 
breeding, conditions are apparently favourable for this species to establish itself 
there 

There is a considerable amount of river traffic coming up the river Hooghly 
from the Saugor Islands and the Sunderban to Budge-Budge, Calcutta and even 
further north and it is conjectured that country boats, which come from these 
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areas where A htdlown is common, me largely responsible for iho introduction 

of tins mosquito into these inland aieas The mithoi has observed ( >engnr, 
1930, p 2G4) that boats anchoring m channels m the cleared areas o io 
Snndeiban are invaded by laigc numbcis of anopholine mosquitoes, irnlm mg 
A ludlown These mosquitoes often stay on board foi several days and the) 
could easily get transported over long distances Considenng the volume of rrver 
tiaffic from the Sundcrban area, it seems very likely that this lias been flic 
manner m which A ludhwn has obtained cntiy into areas in which if was 
previously absent But m spite of such chance scattering of the species occurring 
all along the length of the lower reaches of the Hooghly, we find this species onlj 
m a few isolated spots The evident explanation of this is that A ludlovu has 
established itself only in those riverside areas where the water collections are of 
a suitable salinity as at Chengail and Budge-Budge, whereas m areas where such 
conditions do not exist, it has failed to do so 

Railway trams also seem to be of importance m transporting adult Anopheles 
ludlown mosquitoes In 1926, a specimen of A Indloun was caught in a f rap placed 
close to Sonarpur Railway station (13 3 26, P Sur and M 0 T Ren gar coll ) and 
careful search showed that this species does not occur anywhere in the MciniU of 
Sonarpur The only possible explanation seems to be that the mosquito was 
transported by a railway tram from Port Canning where A htdlouu is not 
uncommon, to Sonarpur, the distance being less than 20 miles Numerous trains 
run daily between these two places and this seems to be the most hkeh explanation 
of the observation The importance of railway trains m transporting these 
mosquitoes should not be minimized 


Anopheles ludlown rn Khulna district 
The southern part of the district of Khulna know n as the ‘ Sundcrban 5 
was at one time almost entirely covered by dense natural mangrove forests This 
region which comprises numerous islands of various sizes and is travelled b> a 
network of tidal channels, is still partly covered by the natural mangro\e forests, 
while large tracts have been cleared of the forest and the land cultnated The 
land being below high-tide level, embankments aie constructed alongside all the 
tidal channels in the cleared area to protect the soil and tlic crops from the salt- 
water tides The collections of water that occur on such protected land aie not 
affected by the tides nor could there be any natural drainage into the tidal 
channels close by, owing to the embankments alongside these channels The soil 
in these areas being impregnated with salt, all collections of water arc saline o, 
brackish, the degree of which vanes according to the salinity of the soil These 
collections of water are suitable for AnopMcs hdlown breed,,, a and tl s IrZ 
occurs extensively m these embanked aid cleaied areas freonentl , 
numbers On tbe other hand, where the natural mangrove /Lsts me ,ITt t^ 
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anophehne is entirely absent Tlie contrast between the conditions m areas still 
under forest and those in the cleared areas is indeed very striking The natural 
forests here form a definite protection against A ludlown as was shown m a pre- 
mous paper (Iyengar, 2930) 

When we consider the different cleared areas m the district of Khulna, some 
local variations in the incidence of this species .11 e noticeable For instance, the 
central part of the district m the region of the river Kobodak was observed to have 
a heavy incidence of A hidlown while m the eastern portion of the district as veil 
as in the western portion, its incidence diminishes peiceptibly The reasons for 
such variations aie not yet understood, but it seems probable that the salinity of 
the water and of the soil have considerable bearmg on these variations 

The ejndcimc of malana at Budge-Budge dm mg 1930 

During the autumn of 1930, an epidemic of malaria of a seveie type occurred 
m the industrial area south-west of Budge-Budge on the left bank of the river 
Iiooglily The epidemic was a very severe one and affected the entire resident 
population of the three mills, Lothian Albion and Orient, and the rural areas 
adjoining them Practically every one residing in this area w T as laid up with 
malaria and a large proportion of the population suffered from several severe 
attacks of malaria during the season The medical officers of the mills reported 
that the infections w ere so heavy that large doses of quinine had to be administered 
to the patientb befoie the fever could be brought under control The incidence 
of sickness among the labour force as a result of this epidemic wuis so very 
high that it even affected the out-turn of these mills In one of the mills 
situated in this area, a consideiable fall in production occurred through 
invaliding and loss of efficiency among the labour force as a result of this epidemic 
of malaria 

This area was surveyed m October and November 1930 The spleen rates of 
children m the mill area and the area immediately adjoining it were very high , m 
some places the spleen rate was as high as 91 per cent and even as much as 100 
The spleen rate among children of the Lothian Mill was 89 1 per cent , those of 
Albion and Orient Mills, 91 0 and 78 5 per cent respectively In the rural areas 
adjoining these mills, spleen rates of 100, 94, 75, 67, 46 and 42 respectively were 
observed Details of the results of examination of children m the mill area and 
the adjoining rural area is tabulated below The relative position of the different 
localities surveyed and their respective spleen rates are marked on the sketch 
map of the area (see Map 2) 

The very high spleen rates observed m the mill area and the adjoining rural 
areas indicate the seventy of the infection here The incidence of malaria, 
however seems to be very largety localized, since m the rural areas at a distance 
of even a mile from this region, the spleen rates are considerably low'er As we 
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proceed farther from the mill aiea the spleen rates dimmish rapidly and at a 
distance of tv. o or three miles, the spleen rates are below 20 per cent and often 
as low as 5 per cent The following results of spleen census of children in the 
rural areas outside the affected region shows that the general incidence of 
malaria m this tract is quite low — 
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The three villages Abhirampur, Kaghunathpur and Nischmtapur suffered 
from a definite increase of malaria during the last season, and the spleen rates 
of these three villages are decidedly higher than the general level of spleen 
rate in the area The exceedingly high incidence of malaria m the mill area in 
contrast to the low malarial endemicity of the area surrounding it indicates that v. e 
had here an entirely localized epidemic due solely to local causes which did not 
appreciably affect the surrounding country 

Blood films (thin films) vere taken from 183 adults and children residing in 
the Lothian and Albion Mills and examined for malaria parasites Of these, 
93 or 50 S per cent were positive for malaria parasites in thin film examination 
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A parasite rate of 50 8 per cent m thm films is a fairly high figure An analysis 
of the 93 blood films which were positive for malaria parasites is given below All 
the three species of malaria parasites occurred heic The suhtcrtian infection was 
the most frequent one in the area at the tunc and undoubtedly accounts for the 
severity of the epidemic 


Blood findings al Lothian and Albion Mills 
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Taking them separately, the relative incidence of the three infection s is ns 
follows sub-tertian 68, tertian 26 and quartan G Out of the 93 positnc films, 
19 of them showed gametocyte stages of the parasites, 12 had sub-tertinn gaincto- 
cytes and 7 had teitian gametocytes 

A survey of the Anopheles breeding places showed 1 lie following nine species 
breeding at the time A subpwtm Grassi, A vagus Don , A Iwllou it vnr sumfaicfl 
Hodenwaldt, A fuhgmosvs Giles, A vanma Iyengar, A acorn fus Don , A rnnivn/i 
Govell (A pseudojmnesi Str and Ch ), A hyrcanvs var ingen units Giles and 
A barbu ostns Wulp They were breeding m ditches and ponds m the area In 
addition to these species found as larvro, two more species, namelj , A cuhcifacics 
Giles and A palhdus Theob , were caught as adults ftom houses The two latter 
species occur m very small numbers only 

It was found that the incidence of adult Anopheles mosquitoes inside houses and 
lines was extremely heavy Among adult mosquitoes caught houses, AmpUc, 

f “ Was m °f Predominant species Moreover, ,t Mas so numerous ns 1o 
exceed in number all the other local species of Anojhdes many times over The 
lints and lines were teeming with adult A l, Mown and large mimheis of n 
mosquito could be caught without difficulty from these dwelling house f , 

time Next to A I*, m regard to numerical prcvataic ul L" ^ 
A varum and A acomtus 1 rc 1 fo'wnosus, 

,^ le deeding places of A ludlown were confined nracticallv +n fi 
the Albion and Lothian Mills There are a few ponds m the Loih, v i°i V, ° m,ty 
m which the breeding was particularly heavy The mcidene ^ U I Cow P ou,,d 
houses was highest m the Lothian and Albion Mills lme, J ° f A h(Uou " m 
in places situated at some distal om t^snot* llotlceaW y less 

-re eanght » v, Pages about a mile away fT 27 


of 
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small and tliev were obtained only after prolonged search Apparently, as judged 
from conditions here, A ludlown prefers to stay close to its breeding place and 
does not proceed far from it 

The incidence of malaria m tins area corresponds closely with the incidence of 
A ludlown In areas close to the A ludlown breeding places, spleen rates are 
high generally above 75 per cent , as we proceed farther from the A ludlown 
breeding area, the spleen lates diminish rapidly so that at a distance of a few miles, 
the spleen rates are below 15 per cent These observations show the close relation 
between the incidence of malaria and the prevalence of A ludlown This is but 
natuial wdien w r e find the extreme susceptibility of A ludlown to infection with 
malaria parasite’s 

A large series of dissections of A ludlown mosquitoes was carried out by the 
author and it w r as found that this species has an abnormally high infection rate, 
a natural infection rate of 23 4 per cent was observed among 838 mosquitoes 
dissected Such a heavy infection rate has not been observed m a large series of 
dissections with any species m India Both from the point of vipw of numerical 
pievalence and from that of susceptibility to malarial infection, A ludlown is 
pre-eminently the important carrier mosquito m the area and is undoubtedly 
responsible for the severe epidemic of malaria that prevailed in this area The 
following statement gives the results of the dissections carried out by the author of 
specimens collected from houses in the Lothian-Albion Mills area — 

Results of dissections of Anopheles ludlown 


(Lothian-Albion Mills, October-November 1930 ) 


1 

Midguts j 

| Salivary glalds 

Total infectiol 

Specimens 

examined 

Specimens 

U ltll 
oocjsts 

Ooeast 

rate 

! 

Specimens 

examined 

Specimens 

U ltll 

sporozoites 

i 

Sporozoite 

rate 

Number 

of 

mosquitoes 

examined 

Number with 
oocysts or 

sporozoites or 
both 

Infection 

rate 

S3C* 

71 

85 

834* 

1G9 

20 3 

838* 

190 

23 4 


* The total number of mosquitoes dissected is 83S , in the case of two specimens the midguts got damaged, and in 
four others the salixary glands as ere lost This accounts for the difference in the number of specimens of midguts 
and of sain ary glands examined 


An infection rate of 23 4 per cent is an extremely high figure, especially in such 
a large series of dissections as the present instance There are only two previous 
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records* on the mfcctivity of A Iwlloum fiom India, hoi.li of which arc Oom the 
Andaman Islands Chnstopheis (1912) found midgut infections m two out of 
dissected (infection late of 3 7 pei cent), and Covcll (1027) found gut infection in 
one and a salivary gland infection m another out of a total of 08 dissected (infection 
rate of 2 0 per cent) The exceedingly high nalinal infection rate non observed 
among A htdlomi mosquitoes in the Lothian and Allnon Mills m Budge-Budge 
shows” the high susceptibility to infection of this species and also reflects on the 
epidemic conditions that prevailed there at the time 

The mfectivity of the earner species tends to he very much higher under 
conditions of epidemic malaria than under endemic or static conditions In the 
former instance, the general parasite rate among the human population is \en, 
much higher than m endemic areas In addition to this, owing to the fact that 
both adults as well as children aie affected during an epidemic, adults are equall) 
infective to Anopheles as children In endemic nieas on the other hand, it is onh 
children that aie largely affected, the adults having dc\ eloped a comparntne 
immunity, and as such, children form the mam source of infection to the anopheles 
while adults are generally not infective to them As Su ellengrebcl and Swellen- 
grebel de Graaf (1920) pointed out, £ In legions of epidemic malaria the number of 
carriers from which anophelmes can acquire infection is much greater became of 
the many infected children and adults In endemic regions, the number of earners 
is less, these being for the most part children alone ’ Sw ellengrebcl and Svollen- 
grcbel de Graaf (1920) have shown how both the parasite rate and the gameton ie 
earner rate are high during epidemic conditions while nuclei endemic conditions 
they are both low, even though the spleen rates of children may be equally high m 
either case They pointed out that gametocyte cairiois are more numeious and 
more potent under epidemic conditions than under endemic conditions As a 
lesult, the natural infection rate of the earner anopheles tends to be \crv high in 
epidemic areas, while m endemic areas the infection late of the earner specie's is 
low even though the spleen rate among children may he high During epidemic 
conditions, the infection rate among the population, the intensity of infestation and 
the proportion of potent carriers are all high as compared with those under endemic 
conditions 

The dissections of A ludlown mentioned previously are of specimens collected 
from the lines m the Lothian and Albion Mills wheie the spleen rates nmoim children 
were very high, 1 e , 89 and 91 per cent respectively In addition to these, specimens 
of A ludlown were collected from two adjoining rural areas, Ablurnmpm and 
Sarkarpara, where the spleen rates wer e comparatively lower, nninch 26 and 

The reported finding of one infected specimen of ‘ i 7~7 A ~ * 

recorded by Hodgson (1914 , Ind Jour Med Res I \) , 8 omitton" ^ HO,W MnC,ra< ' Clt '* 
if it actually refers to A ludlown This species has not bo tted here, ns it, <cems \er\ doubtful 
uorkera in Madras (see foot note on page 499 ante) ** ° b<50rVcd an -' other of the rarioui 
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42 per cent respectively These were dissected and the results of the dissections are 
detailed below The number of specimens obtained m these two places has been 
small owing to the sparsity of the species there A natural infection rate of 26 6 
per cent was observed among 15 specimens of A ludlown dissected from these two 
places 


Dissections of A ludlown from Abhnampur and Sai laipai a near Budge-Budge 

(16th to 23rd November, 1930 ) 


Midguts 

Salivabv glands 

Total infection 

Number 

examined 

Number 
with 
oocj sts 

Oocyst 

rate 

Number 

examined 

Number 

with 

sporozoites 

Sporo 

zoite 

rate 

Number of 1 
mosquitoesj 
examined 

Number 

noth 

oocysts or 
sporozoites 
or both 

Infection 

rate 

15 

4 

26 6 

i 

15 

1 

<5 6 j 

15 i 


26 6 


Hitherto we have been discussing the finding of naturally infected Anopheles 
htdlcnvn in this area At about the same time when this work was m progress, 
specimens of Anopheles ludlown bied from larvae from a pond m the Lothian Mill 
were experimentally fed on patients with gametocytes m their blood The mos- 
quitoes were given a single infective feed after which they were kept on raisms and 
water The results of three such mfection experiments are given below — 

Experiment I Anopheles ludlown bred out of larvae , fed on case No 10785 
whose blood showed Plasmodium vivax gametocytes Five mosquitoes fed on 
12th November, 1930 Number that survived on 22nd November, — one, which 
was dissected on that date 

Result of the dissections — 


Gut 

+ 

Gland 

+ 

| Total 

+ 

1 

0 

1 

0 

1 

0 


Experiment II Anopheles ludlown bred from larvae , fed on case No 11036 
with gametocytes of P malaria i m his blood Date of feed 15th November, 1930 
Number that fed — ten Number that survived on the 4th December — six Date 
of dissection — 4th December 
Result of the dissections — 


Gut 

[ + 

1 Gland 

+ 

Total 

1 

+ 

6 

. 

0 

6 

1 

6 

1 
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Experiment III Anopheles ludloim bred from Inrvro , fed on case No 11210 
with gametocytes of P falcipanm m Ins blood Date of feed, 10th November, 
1930 , number that fed— two Numbei that survived on the dill December— one 
Date of dissection, 4tli Decembei 
Result of the dissections — 


Gut 

+ 

Gland 

+ 

_ 

Total 

+ 

1 

i 

1 

i 

0 

1 

1 

1 


The series of infection experiments described above is too small to draw any 
definite conclusions on the comparative degree of susceptibility of Anopheles htdloun 
to the three species of parasites While it is seen that A hull on, u is susceptible to 
experimental infection with P mahnad and with P falciparum, in both of vhich 
the infection had reached the sporozoite stage m the salivary glands, the negainc 
result m the case of the P mvax experiment denotes nothing as only one specunen 
was dissected 

We have so far discussed the mfectivity of A hullou u in Budge-Budge under 
natural conditions and by experimental infection Specimens of oilier species of 
Anopheles were also collected from houses in the mill area during the same period 
and these were dissected The results of the dissections are tabulated belou 


Results of dissections of anophehnes other than A hidlovn 


Species 

o£ 

Anopheles 


(Lothian- Alb ion Mills, November 1930 ) 


Midguts 


Salivary glands 


Total imjction 


Humber Number Number Number 

"™” d oocysts cv ”“"“ d sporozoites infected 


A fuhgmosus 34 0 

A hyreanus 3 0 

A culicifacies 2 1 

A acomtus 13 0 

A varuna 6 0 

A falhdus 1 0 

1931, March), the finding of one specimen of A ludlown infected In +1 J/? * , 5, p 4S2, 

parasite is interesting The author has also been able to obtain ^ ° rOZ . 0lto stn SC of tho quartan 

moyponmmMy miectod A a ud“ To? ,V P 

embodied m a separate communication Calcutta These results will bo 



512 The Dislnbntion of Anopheles ludlown in Bengal 

The finding of naturally infected specimens of Anopheles fuhginosus and 
A cuhcifacics in this area is interesting and shows that although A ludlovm played 
the most important part in the epidemic of malaria that prevailed m Budge-Budge, 
there were also other species of Anopheles that were concerned m the malaria 
transmission The negative findings in legard to the other species are not of a 
sufficiently large number to be of much significance 

Anopheles Iudlowii at Cliengail, Hon) ah distncl 

When investigations into the epidemic of malaria at Budge-Budge were in 
progress, reports were received of an increase m the incidence of malaria among 
null workers at the Ludlow Jute Mill at Cliengail in Howrah District on the right 
bank of the Hooghly, a few miles down the river below Budge-Budge An investi- 
gation w r as set on foot soon after receipt of the information The medical 
officers of the Ludlow Mill informed the writer that, since September 1930, there 
has been a decidedly higher incidence of malaria cases among the labour force as 
compared with figures for the same period of the previous years and also that the 
individual cases of sickness -were of a more persistent type requiring a longer course 
of treatment than ordinarily 

A malaria survey of the Ludlow Mill area and of the surrounding country 
was carried out during November-December 1930 and it was observed that 
the general incidence of malaria in the area was low except m a small area 
to the east of the Ludlow Mill A sketch map of the area surveyed is 
reproduced here ( see Map 3), and the spleen rates of the different localities 
arc indicated on it It null be obsened that the spleen rates of Sisbena, 
Bamesvarbati, Sundarimal and South Cliengail aie all below 10 per cent, 
and it is only in a small area including Rajbansipara, Chak Kasi and the 
small area surrounding it that the spleen lates are higher Rajbansipara 
and Chak Kasi are two adjoining areas situated close to the liver Hooghly to 
the east of the Premchand Mill and these two places have the highest spleen 
rates recorded in the area, namely, 61 and 74 per cent respectively To the 
north of these, the spleen rates are low r er North Cliengail which is nearest to this 
spot has a spleen rate of 42 , Paschim Banna and Kajirchora have still lower 
spleen rates, i c , 18 and 20 Farther away from this area, the spleen rates 
diminish rapidly and are generally below 10 In Rajbansipara and Chak Kasi, 
there occurred an epidemic of malaria of moderate severity which affected a large 
proportion of the inhabitants It appears that several persons m every house 
were laid up with attacks of malaria during the autumn of 1930 Very few persons 
escaped sickness, but the infection was not as severe as that observed at Budge- 
Budge This area has been considered to be a very healthy one, and this view is 
supported by the low sjileen rates of villages aw ay from the affected rone This 
has been the first year when there was such a severe outbreak of malaria m 
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which a huge propoition of the population not onlj of Knjbnnsipnrn nnd Clink 
Kasi, but also of Noith Clicngnil suffered fjom attacks of mahma 

Map 3 
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A Mini 1 } of flic Anopheles bicedmy places a; is earned out simultaneoush with 
flic examination of childien foi enlaiged spleen The following ten species of 
Anopheles occiu here A «. ubpictus , A utyns, A baibnoslns, A hyteamts iai 
mgemmits A fnhgmosus , A ])alhdns , A vetnma, A ctconitus A lamsayt, and 
A htdloivn var snndcnca These species with the exception of A htdlown me 
distributed more or less generally over the whole area Anopheles lndlown was 
restricted to the Premehand Mill area and Rajbansipara In this locality, there 
are several ponds and ditches holding brackish which were breeding A htdlown 
The Indiana breeding area is indicated on the sketch map {see Map 3) The 
highest incidence of adult A htdlown mosquitoes v r as in the vicinity of 
Premehand Mill and Rajbansipara, localities very close to the bleeding ground of 
the species A small number of adult specimens were caught m the lines of 
Ludlow Mill which is less than half a mile from this area, a few were obtained 
from Bauria wdnch is about a mile away, and one specimen from Sisbena which 
is a mile and a half aw r ay The heavy incidence of Anopheles htdlown adults m 
the immediate \ lcinity of its breeding place and its sparseness at a distance of 
even a mile fiom this spot seem to indicate that A ludlown prefers to stay 1, close 
to its breeding place A similar observation w r as made m the Lothian-Albion Mills 
area in Budge-Budge wdieie the incidence of A htdlown was very heavy m the 
vicinity of the breeding place and diminished markedly nothin even a mile from 
the breeding area 

Although there are several carriei species m this locality, A ludlomi seems to 
lie the most important one as the incidence of malaria corresponds closely with the 
A htdlou u breeding area Places close to the breeding area of this species, such as 
Rajbansipara and Chak Kasi, have high spleen rates Those farther away show 
lower spleen rates and localities over a mile aw r ay fiom this area have very little 
malaria (see Map 3) We observe here a very interesting coirelation between the 
spleen late and the pioximity of the A htdloivn bleeding area 

The coolie lines of Ludlow Mill wdnch are not far from this A htdloivn area 
has a comparatively low spleen rate of 8 per cent But when w r e take into consi- 
deration the great density of population in these lines and the very efficient and 
well organized medical facilities available to the workers of this mill, both of wdnch 
factors tend to lower the spleen rate considerably, a spleen rate of 8 per cent is not 
as low as it looks There has been a definite increase m the sickness due to malaria 
m the lines As, how r ever, the epidemic that occurred m Rajbansipara and Chak 
Kasi during 1930 was not so extensive or so severe as the one that occurred m 
Budge-Budge The affected localities were the immediate vicinity of the 
A htdlown area 

There is more than mere circumstantial evidence supporting the view that 
A htdlown is the mam cause of the trouble at Chengail A natural infection rate 
of 4 2 per cent was observed among 71 specimens of A , htdloun dissected The 
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specimens wcie collected fiom Unibnnsipnin 
the dissections aic detailed below 


m Novembei 


3530 and the icsiills of 


Results of dnscclnms of A Mlmu. fww Chengail 


(Novembei 1030 ) 


Date of 
collection 


MinouTs. 
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! Infection rate 

i 

17 - 11-30 

28 - 11-30 

15 

0 

0 

1 

15 

0 

0 

15 ! 

0 

n 

17 - 11-30 

29 - 11 - 30 

31 

0 

0 

31 

2 

0 5 

31 

2 

0 5 

20 - 11-30 

0 - 1 2-30 

25 

0 

0 

25 

i 

4 0 

25 

1 

10 

Total 

1 71 

0 

0 

71 

3 

4 2 

71 

3 

1 2 


The close correlation between the incidence of malana and the pro\inn<\ of 
breeding places of A ludlown, and the finding of an infection rate of 4 2 per cent 
among specimens caught m natuxe indicate that this species is the important 
transmitter here An infection rate of 4 2 per cent, although it is not so high ns the 
figure for the same species that was observed at Budge-Budge, is quite high by 
itself The difference m the mfectivity rates of A ludlown m Chengail and in 
Budge-Budge is probably due to two causes The specimens from Chengail were 
caught late, in the season, nearly a fortnight later than those collected at Budge- 
Budge But the more important reason appears to be due to the fact that at 
Budge-Budge the infection among the human population was the moie extensive 
and severe one as compared with conditions at Chengail A comparison of the 
spleen rates of the two areas brings out strikingly the intense and widespicad 
infection at Budge-Budge m contrast to the less severe and greatlv restricted 
incidence of the infection at Chengail In Chengail we have the conditions 
that prevail durmg the early stages in the progressive development of cmdemic 
conditions, while at Budge-Budge the epidemic is m full swing 
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Anopheles Iudlown in Shamnaga i, 2 i-Peiganas dish id 

At Shamnugai winch is 19 miles 1101 th of Calcutta, on the left bank of the 
Hooghly, there was much sickness due to malaria during 1929 and 1930 During 
the autumn of 1930 some blood films w'ore obtained fiom cases of malaria 
in this place and a heavy incidence of P vtvcir infections w r as observed In 
many of the houses at Shamnagar, several persons wore laid up with malaria 
No one thought that there was anything unusual m the increase of malaria 
at Shamnagar, until one day m December 1930, Dr H Sarkar, who lesides 
there, collected a single specimen of Anopheles ludloion fiom inside a mosquito 
curtain used by lus children wdio were all down with malaria This specimen 
was seen by the writer and subsequently a survey party w r as sent round 
to look for adult and larval specimens of A Iudlown from the vicinity of 
Shamnagar Over 20 specimens of A Iudlown have since been obtained fiom 
this place, but the breeding places have not yet been discovered In January 
1931 when the survey parties went to Shamnagar, most of the breeding places 
weic dry and the breeding season was evidently over It is proposed to carry 
out a detailed survey of the area round Shamnagar during the ensuing w r et 
season 

The finding of A Iudlown in Shamnagar and the reported heavy increase in 
the incidence of malaria m that locality seem to indicate that at Shamnagar there 
has been an epidemic of malaria of a mild type in which possibly A Iudlown was an 
important carrier 


Anopheles Iudlown on the banks of the Ichamati 

The liver Ichamati which separates the two districts, 24-Peiganas and Khulna, 
is a tidal river, the banks of which are embanked m some places while other portions 
are not so embanked In many of the villages on the banks of this tidal river, 
Anopheles Iudlown has been observed to occur but its incidence is not heavy This 
species appears to have a general distribution over the country here In addition 
to A Iudlown, other species of Anopheles have been observed here, namely, 
A fuligniosus, liyicanus var mgerrnnus A acomtus, A tanma, A pseudojamesi 
{A lamsay}) and A vagus To study the incidence of malaria m this area, a survey 
of the villages on either banks of the Ichamati in the region of Hasnabad and 
Debhata was carried out The spleen rates ranged between 0 and 50 per cent, 
the area surveyed and the results of the spleen rates are marked on the sketch 
map reproduced heie (see Map 4) The details of the result of the examination 
of children in this area are given in the Appendix Although adult specimens 
of Anopheles ludloun were collected from villages here, the breeding places 
and the monsoon conditions m this area could not be studied as the survey was 
carried out during last wnnter The incidence of malaria is verv varying, but 
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otic point that is strikingly clear here is that malaria is endemic and not 
epidemic as Mas obscived m Budge-Budge and othei places discussed above 
The distribution of A ludlown is moie general As this aica is so close to 
Khulna district in which A ludlown is fairly common, it seems likely that it has 
been m association until A ludlown foi quite a long time and u r c do not therefore 
obscivc the severe icactions that folknv the lieu intioduction of a vinilent cairier 
species into an area which did not have it before 


Map 4 
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Salinity of uatei in > elation to A. ludlowii breeding 
Tlic salinity content of all Anopheles bleeding places m Budge-Budge and 
Chengail was determined with a view to understand tlie degree of salinity of the 
water collections and to sec if any lelation exists between the salt concentration of 
the water and the species of Anopheles breeding m it The mam object howevci 
was to determine the salt concentiations m wdnch A ludloivn occurred m these two 
aieas Bodemvaldt and Essed (1925) made some extensive observations on the salt 
concentiations in relation to A ludlowii bleeding m the Dutch East Indies 
Christopheis (1912) made some observations on the salinity of watei m the 
Andamans No extensive woik on the relation of the salinity of the watei to 
A lu'dlowu breeding has been made m India 

The salinity determinations w r eie made possible thiough the courtesy of 
Mr N K Cliatterjee and Mr S C Ray, chemists m the Bengal Public Health 
Laboratory, who carried out this work The work was cained out during last 
December and Jammy The salinity concentrations of 237 samples of water fiom 
breeding places in which Anopheles larvm were found w'ere determined At the 
same time, the species of Anopheles found m the ponds were also recorded Laival 
detei ruinations were made m all cases excepting A subpictus and A ludloivn which 
w ere bred out for determination 

The relative frequency of the different degrees of salinity of the water collections 
in Chengail and m Budge-Budge is seen from the following analysis of the deter- 
minations — 


.Sodium chloride 
milligrams per 
litre of vatcr 

0 — ">00 mg per 
litre 

Pei cent 

300 — 1 000 mg 
per litre 

Per cent 

1 000 — 1,500 mg 
per litre 
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to 
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©. O 1 

Cj* £ . 

© U 
© a> 
o & 

r~4 

Per cent 

2 000 — 2,500 mg 
pei litre 

Per cent 

2,500—3,000 mg 
per litre 

Per cent 

Budge Budge area 

04 

53 3 

il 

25 S 

13 

125 

4 

3 3 

o 

4 2 

1 

08 

Chengail area 

SO 

74 4 

19 

10 2 

S 

6 8 

1 

0 S 


0 


0 

Total 

153 | 

04 0 

50 

21 1 

23 

9 7 

*) 

2 1 

5 

2 1 

1 

0 8 


At Budge-Budge, the ponds have a decidedly higher aveiage salinity than 
those at Chengail Foi instance, 21 pei cent of the ponds m Budge-Budge 
had a salinity of moic than 1,000 milhgiams of sodium chloride pei like of watei, 
whereas at Chengail only 7 G per cent of them had moie than 1,000 mg per litre 
The more extensive prevalence of Anopheles ludloivn at Budge-Budge as compared 
with that at Chengail is laigel) due to the greatci prevalence m the fonnei area of 
ponds with a salinil} figuic higher than 1,000 mg per like, as will be seen later 
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Sodium chlondo 
mg per litre 

0-500 

500- 

-1,000 

1,000- 

■1,500 

1,500-2,000 

2,000-2,500 

2,700-3,000 

Observations 

153 


50 

) 

1 

5 

5 

1 

A barbiroslns 

113 73 9 

12 

84 0 

11 

17 S 

1 20 0 

0 

0 

A sinensis 

30 23 3 

9 

ISO 

1 

17 4 

0 

1 20 0 

0 

A Juhginosus 

10 10 5 I 

5 

10 0 

* 

17 1 

0 

2 10 0 

1 100 0 

A pscudojamesi 

5 3 3 

0 


0 


0 

0 

0 

A vagus 

0 

1 

20 

1 

4 $ 

0 

1 20 0 

0 

A subpictus 

17 11 1 

10 

20 0 

1 

13 0 

0 

0 

0 

A varuna 

29 19 0 

>2 

24 0 

1 

1 1 0 

1 20 0 

0 

0 

A aconitus 

19 12 4 

3 

GO 

1 

1 1 

0 

0 

0 

A ludlouni 

3 20 

4 

8 0 

7 

30 1 

4 SO 0 

4 80 0 

0 


Anopheles baibiioslns occuis in 74 pei cent of the breeding places with 0 to 
500 mg of sodium chloride pei litre, it increases to 84 pei cent m waters with 
500—1,000 of salt per litre From this point, it drops rapidly as the salimt} 
increases ( see Chart) Anopheks hyicmms occuis in 23 5 per cent of the breeding 
places with 0-500 mg per litie , m the next giade of salinity, nnmcl) , 500-1 000 
milligrams of sodium chloride pei litie, it is found in 18 pei cent of the breeding 
places It has a similar frequency (17 4 per cent) m the next higliei grade of 
salinity and then drops to nothing in the giade of 1,500-2,000 milligrams pci litie 
.The 20 per cent figure in the 2,000—2,500 mg per litre giade is based on a single 
finding out of five observations and does not have much significance Anopheles 
fuhgmosus has nearly the same frequency m all giades of salinity observed licit* 
It has been observed to breed m watcL with a sodium, cldoude content of as much 
as 2,700 milligrams per litre of water and it seems to be quite toleiant to brackish 
water 

Anopheles ramsayi seems to be particularly susceptible to salinity concentra- 
tions It occurs only in the 0-500 milligrams per litre giade and it is entirely 
absent m any of the higher concentrations Anopheles acomlus staits with a 12 
per cent frequency m the first grade and drops gradually to zero as the salinity 
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increases Anopheles vanma starts with a 19 per cent ficqucncy m the first grade, 
rises to 24 per cent in the second grade and then declines A snhjnclus also behaves 
similarly The numbei of A vaqas obseived here is too small to be of value 


Chart 



0-500 500 1000 1000-1500 1500-2000 2000 2500 

5odium chloride concentration (milligrammes per hire of walcr^ 

.. REFERENCES 

A ludlovvil _____ A hyreanus _ 

A barbirojtrii _ _ _ A subpiclus , , , 

A fuliginosUS A voruna _ 

A pscudojameJi 


Anopheles ludlown is the only species which shows a positive correlation with 
the salinity It staits with a 2 pei cent frequency m the first grade, rises to 8 and 
30 pei cent in the second and third grades In the next two grades, namely, 1,500- 
2 000 and 2,000-2,500 mg per litre, A ludlown occurs in 80 pei cent of the breeding 
places These results show that the optimum salinity for the breeding of A ludlown 
is between 1,500 and 2,500 milligrams per litre of water In the series of observa- 
tions made here, the highest salinity figure obtained was 2,700 mg per litre and as 
such the range of observations is not laige enough to fix a correct optimum figiuc 
with any degree of certainty 

In addition to the salinity factor, another factor seems to have a considerable 
bearin'* on the breeding of A ludlown and that is the presence of organic matter 
m thevatei The presence of organic mattei was determined by tests for nitrites 
m the water The amount of nitrites in the present senes of observations is not 
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very laigc but a good numbei of them showed minute tiaces of nit 1 if os In going 
tliioughthe results of these dctci initiations, it was obscived flint m evciy one of tlic 
ponds°in which a salinity of moie than 1,000 milligiams of sodium chlondo pei litre 
of water occuucd in combination with the presence of a tiacc of mfiites, Anopheles 
ludloivn was invariably found to breed m it Whore the salinity was moie than 
1,000, but tlicie was no tiacc of any nitntcs, A ludloivn oa lined only \ery 
rarely 

The lesults of these obseivations m Bengal differ l.ngeh fiom those of Roden- 
waldt and Esscd (1925) in the Dutch East Indies wheic it was found that a salt 
concentration of 1 2 to 1 8 per cent was most favourable foi A htdloun bleeding 
m that country and that this mosquito would bleed in w-alei with as much salt as 
even 3 pei cent The optimum salinity foi A ludloivn obscived in Budge-Budge 
and Cliengail is indeed very low as compared with those observed m the Dutch East 
Indies , in fact it is just a tenth of the latter figures Chiislophcis’ (1912) figtnc of 
0 4 per cent salt in the bleeding places of A hull own in the Andamans is much nearer 
the Bengal figuie Bodcnwaldt and Essed (1925) also obsened that in the Dutch 
East Indies, A ludloivn wrnuld breed quite well m putud watei Although in regard 
to the present limited observations in Bengal, A htdloun ha'* not been found to 
breed m putrid watei, there is no doubt that it bleeds m water with some organic 
contamination The results show that Anopheles ludloum prcfeis a small amount 
of contamination m the water, although not such an extent as that observed m the 
Dutch East Indies A combination of the salinity factoi with thcpiescncc of a 
small amount of organic contamination seems to be the optimum condition for the 
breeding of A ludloivn in this area, as seen from the fact that although the salt 
concentration was above 1,000 mg pei litre, A ludlomi did not breed m it unless 
the sample showed the presence of nitrites 

The author is much indebted to Dr C A Bentley and Di S N Sur 
for invaluable help received during the course of these investigations and to 
Dr R B Khambata for his help m connection with the estimation of sahnitv 
of the water samples 
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Appendix 


Mala) ia sw vey of the hanls of the Ichamati near Hasnabad 


Village 

Children 

examined 

Children with 
enlarged spleen 

Spleen 

rate 

Classification of spleen 

K1 

F2 

13 

F4 

U 

BU 

Chin grigliata 

10 

6 

31 5 

1 

3 


2 


• 

Rajibpur 

52 

16 

30 7 

6 

4 

3 


2 

1 

Taki 

74 

1 

13 


1 





Narayanpur . 

26 

2 

80 

1 


1 




Saidpur 

53 

8 

15 1 


6 

2 




Beokati 

24 

7 

29 1 



2 


1 


Jalalpur 

40 

10 

25 0 

2 


2 

i 



Hasnabad 

54 

2 

37 

1 






Kalutola 

50 

0 

00 


i 





Ramesvi arpur 

46 

3 

65 


B 

1 


1 


Choto Sulkum 

23 

11 

47 9 

5 

3 

1 

D 


1 

Mohonpur 


7 

31 8 

2 

2 

3 

1 



Debhata 

76 

18 

23 6 

4 

10 

2 

fl 

1 


Susdganthi 

24 

12 

50 0 

3 

5 

1 

2 

1 


Snpur Toivn 

42 

16 

38 1 

3 

4 

4 

5 



Galghalia 

30 

4 

13 3 

1 

2 

1 




Hajapur 

28 

5 

17 8 


5 





Bhatsala 

24 

G 

25 0 

1 

3 

2 




Rajanagar 

54 

3 

5 5 

1 

1 

1 



« 

Rahimpur 

22 

9 

40 9 


6 

1 

O 



Basantopm f 1 

33 

0 

00 

































Plate XXIX 






Explanation or Plate XXIX 


Photographs of afforested areas m the Sunderban, co\crcd with dense inangnn e 
forests 

Fig 1 General view of a tidal channel passing through the Sunderban forest area 
„ 2 Closer view of the vegetation The level of land is a cry low and the tides 

rise so high as to cover a large portion of the land surface during spring 
tides 



Explanation or Plate XXX 

Fig 1 Pliotogiaph of a village m tlie cleared area of the Sunderban showing the high 
embankment on the right constructed to protect the land from the tides 
The river is to the right side of the embankment Anopheles htdlouu breeds 
heavily on such cleared and protected areas 
,, 2 Photograph of anothei cleared area in the Sunderban To the left is Harda 

Khal, a tidal channel and on the other side of Haida Khal the land as still 
under the natural mangrove forests The embankment m the middle of 
the picture protects the cleared land fiom the tides The contrast between 
the two sides of the tidal channel in regaid to the prevalence and breeding 
of Anopheles ludlown is very striking On the cleared area, the incidence 
of this mosquito is very heavy, w'hereas in the affoiested areas, it is entirely 
absent 
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In recording the results of dissections of anophohne mosquitoes for mninrm 
parasites, it is advantageous that records of each scries of directions are ninmtnmed 
m the follow mg manner — 


Midgut 

SALItAlU GLANDS 

Toth ixrrcTioN 

Number 

examined 

Number 

with 

oocysts 

Oocyst 

rate 

Number 

examined 

Number 
« ith 
sporo 
20110“! 

Sporo 

70llc 

rate 

Number of 
mosquitoes 
exnimned 

I 

■ 

• 

Number 
\\ ith 

ourxsts or 
sporo 

70ltCS 

or both 

Infection 

rate 


Such a record would give the oocyst rate, the sporozoite rate and the total 
mfectivity rate Separately for each series of observations The total lnfectiviti 
rate is a combination of the foimer two and is based on specimens obsen ed to 
have either an oocyst infection of the gut, or a spoio/oite infection of the solitary 
glands or both In determining the natural infection rate of a species of 
Anopheles, many workers take this combination of oocyst infections and 
sporozoite infections On the other hand, there are several workers who 
altogether overlook oocyst infections of the gut and place reliance solely 
on sporozoite infections of the salivary glands They argue that there is no 
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certainty that all the oocysts found m the gut wall would mature and discliaige 
spoiozoites , tlipy contend thercfoic that an infection late which includes 
oocyst infections would not lepiesent the transmitting capacity of the species 
The lattei school of workers would often examine only the salivary glands for the 
presence of sporozoites and would entirely ignore midgut infections A furthei 
step m this direction is the evolution of the technique of Sergent and Sergent 
by which a smear of the body-fluid from the neck and anterior thoracic region 
of the mosquito is stained and examined for sporozoites K 


* On the other hand, Swellengrebel and Do Buck (1931) maintain that midgut infection is a more 
accurate measure of the transmitting capacity of a species than salivary infection and the\ Btiggest 
that -where circumstance" do not allow the examination of both the gut and the gland, precedence 
should be given to the former 

This view is expressed m a recent paper by Sw ellengrebel and De Buck (Correlation between 
intestinal and salivary infection m Anopheles macnlipennis, Proc Komnl AKad i Weten , 
Amsterdam, XXXIV, i, 1931, pp 183-183) which was seen by the w'ritor after he sent the present 
paper to press These authors have brought convincing evidence from the results of experimental 
infection of A macuhpennis with Plasmodium max to show the very close correlation between midgut 
infections and salivary gland infections in the mosquitoes Out of 23 batches of experimentally 
infected mosquitoes, the mean sporozoite rate and the mean oocyst rate were observed to be 47 per 
cent and 43 percent respectively To quote from that paper, ‘ the close correlation between the two 
is plainly expressed in the accompanying Graph and is moro accurately expressed by the formula 
r = + 0 939 ± 0 024 ’ 

Their Graph is reproduced below 
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For working out the mfectivity of any species, Swellengrebel and De Buck maintain that although 
there is a close relation between the “porozoite rate and the oocjst rate, the former is not ns accurate a 
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It is not pislifi.ible m working out the mfecdv.n of spot les of Auophele S Hint 
ooust infections of the gut should be nllogcthei igmiml The «uthoi (o.ihiders 
that in those instances m which gut infections me obsen ed to occui in a sjienes 
undei natural conditions and no spoio/oite infections of the salivaiy glands wdia - 
soever, the infection rate based solely on oocyst infection may not lepiesent 
the transmitting capacity of the species m 1 elation to the period of observation 
It is evident that, m those circumstances, ccitnin factors (which are not- 'Set 
well understood) prevent the development of the oocysts Undei such conditions, 
it seems unlikely that the oocysts obsen ed in the gut would develop and mature to 
produce a spoiozoite infection of tho salnaiy glands But where both gut 
infections and gland infections occur side by side often in the same indn idual 
specimen, under such circumstances, oocyst infections should certainly he 
included ur the total inactivity rate m older to appiaisc the transmitting capacity 
of the species Every oocyst then observed m tire gut is a potential source of 
infection of the salivary glands , it is c\ticmel\ unlikely that when otlioi oocysts 
have matured and produced the infection of the salivary glands with sporo/oitcs, 
the oocysts then occurring in the midgut would not similar!) complete 
their development under normal course of events 


Incidence of oocyst and sporozoite intlctions in Anopheles ludlovvi 

The view expressed above is supported by the results of four series of 
dissections of specimens of Anopheles htdlown var sundaica Ilodenwaldt, all of 
which were collected from the Lothmn-Albion Mill Lines neai Budge Budge, 
24-Perganas district m Low r er Bengal An epidemic of malaria of a severe type 
occurred m this area during the autumn of 1930 and a ver> high natural infection 
rate was observed among A htdlown mosquitoes The fom series of dissections 
detailed herein are of specimens collected from this locaht) at difieient periods 
between October 1930 and January 1931 


Series I 

This series comprises the largest number of dissections of all the four series 
discussed heTem The specimens were collected between 28th October and qtl, 
November, 1930 


measure as the latter They point out that ‘ m various investigation* on natural , . 

the oocyst rate almost invariably surpasses the sporozoite rate, the relation botnnen tli i An ° pIlcH 

from H 1 to Q 1 , in A macuhpenms this relation is 5 I The\ conclude tl t ",° rnns ' n 5 

P : nmS thQ ; ncidence 01 ]ntest >nal mfection aliens of a more accurate estimate f ! ”i , 
of sporozoite earner, than doe, the incidence of salivary mfection \t nre i n 10 n ° tUal n " ,nbcr 
tips concision should not apply to other species l,Uw,s e ,’ U P * tbero !S 110 reason uliy 
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Anopheles ludlown dissections, Senes I 


Midguts 

S ALIA ARY CLAUDS 

Total imlciion 

Number 

examined 

j 

Number 

with 

| oocists 

j 

1 

Oocyst 

rate 

Number 

examined 

j 

Number 

■with 

sporozoites 

Sporozoite 

rate 

Number 
of mos 
q in toes 
examined 

Number 
a\ ith 

oocysts or 
sporo 
zoites 
or both 

Infection 

rate 

836 

71 

8 3 

. 

834 

! 

169 

20 3 

' 

838 

j 

196 

i 

23 4 


In this series the intensity of oocyst infections was heavy and oocysts in all 
stages of development were observed The sporozoite infestation of the sahvaiy 
glands was generally heavy, while in some the sporozoite infestation was poor 


Series II 

This senes comprises a comparatively smaller number of observations The 
34 specimens dissected in this senes were collected on 7th December, 1930, a month 
later than those of Series I 


Anopheles ludlowu dissections , Senes II 


Mid guts 

Salivary clands 

Total infection 

Number 

examined 

' 

Number 

with 

ooevsts 

j 

■ 

Oocyst 

rate 

Number 

examined 

Number 

with 

sporozoites 

Sporozoite 
i ate 

Number 
of mos 
quitoes 
examined 

Number 

with 

oocj sts or 
sporo 
zoites 
or both 

Infection 

rate 

54 

io ! 

! 

| 

18 5 

54 

2 

3 7 

54 

10 

18 5 


The total infection rate of this series is lower than that of Series I , the oocyst 
infestation was decidedly poorer and the individual oocysts were mostly of 
the half-developed stage Very few oocysts were observed in any advanced stage 
of development Only two out of the 54 specimens had a sporozoite infection of 


* A summary of the results of Senes I was published in connection w ith another investigation, 
vide Iyengar, 1931, h\d Jour Med, Res , Vol XIX, No 2, October, pp 499—324. 
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the salivary glands and even m these two spec.mens, the number of sporozoites 
oecumng m the glands was found to he small and the spororo.tc ...festal, on 

was decidedly sparse 


SiawTPR TTT 


The 34 specimens comprising this senes were collected fiom the same locality 
on 24th December, 1930, 17 days later than Series II It was difficult to obtain a 

larger number of specimens for dissection at tins time owing to the great sparsitj 

of mosquitoes of this species This sparsity was probably due large!} to tlK 
intensive anti-mosquito measures that were pushed vigorously at the time an 
partly also to the adverse mosquito season The results of these observations 

are detailed below 


Anopheles ludlown dissections, Senes JJI 


Mioguts 

Sauvauy glands 

Total inffction 

l 

Number 

examined 

Number 

•with 

oocysts 

Oocyst 

rate 

Number 

examined 

Number 

U ltll 

sporozoites 

Sporozoite 

rate 

Number 
of mos 
quitoes 
cxnmincd 

1 Number 

V ltll 

oiicjsts or 
sporo 
zoites 
or both 

Infection 

rale 

34 

5 

14 7 

34 

0 

0 

34 

5 

14 7 


The total mfectivity rate of this series is much lower than those of the two 
previous ones All the infections observed m this series are oocyst infections of 
he gut , no sporozoite infections of the salivary glands were at all observed 


Series IY 

The specimens comprising this series were collected from the same quarters 
three weeks later than those of Series III, namely on 14th January, 1931 The 
number of observations in this series is small , the incidence of adult A ’ hid! on n was 
extremely low at the time The adverse season and the anti-mosquito measures 
that were carried out were probably responsible for this large reduction m its 
incidence Only 16 specimens were obtained after a prolonged search Although 
the number of observations m tins senes would, under ordinary rarcumstances 
considered too small to justify any broad conclusions, the results of tins senes 

:“°^n n - *■ a- r- 0 : 

J, MR 


12 


















530 Oocyst and Spoiozoite Bates m Anopheles. 


Anopheles ludlown dissections, Sends IV 


Mjpouts 

Salivaiu glands 

Total n,rroTJON 

. 

Numbor 

examined 

Numbor 

with 

oocysts 

Oocyst 

rate 

Number 

examined 

Number 

with 

sporo/oitcs 

Sporo70ite 

rate 

Number 
of mos 
quitocs 
examined 

Number 

with 

oocysts or 
sporo 
70lt( B 
or both 

Infection 

rate 

10 

0 

0 

10 

0 

0 

10 

0 

0 


The entire absence of oocyst infections and of sporozoite infections in tlic speci- 
mens comprising this scries is of interest 

A consideration of all the four above-mentioned series of observations together 
conveys interesting information on the seasonal mfectivity of A ludlown and the 
variations in the incidence of oocyst and sporozoite infections The following 
is a summary of the results of the four series of dissections As all these 
observations were carried out at the same place and under the same conditions, 
they are strictly comparable 


Summary of the observations, Senes J to JV 



Series I 

Smurs II 

Serifs III 

Serifs IV 

Date of collection 

28th October — 

9th Novcmbor 

7th December 

24th Decomb cr 

14th January 

Total mfectivity rate 

23 4 

18 5 

14 7 

00 

Sporo?oitc rale 

20 3 

3 7 

0 0 

00 

Oocyst rato 

85 

18 5 

14 7 

p 

00 


The mfectivity rate of A ludlown is highest in Series I and it decreases rapidly 
in the subsequent senes It is 23 4 per cent in Scries I, 18 5 m Series II, 14 1 m 
Series III and zero m Series IV (Chart 1) The fall m the mfectivity of Anopheles 
ludlown from the vciy high infection rate of 23 4 per cent to zero m the course of a 
few months appears to be due to the onset of the adverse season, namely, the winter 
As these observations w r eie earned out under identical conditions, on mosquitoes 
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Of the same spcc.es collected (corn the .a» "S 

s? 


CllAUT 1 



The effect of the adverse season is also noticeable m regard to the sporozoite 
rates and the oocyst rates m the four series of observations The sporozoite rate of 
Series I is very high, namely, 20 3 and it suddenly drops to 3 7 m Series II , m the 
last two series, it is zero (Chart 1) These observations indicate that the infec- 
tions observed m Series I were the result of mosquito infection at a time when 
conditions were favourable for the development and maturing of oocysts m the 
mosquito and the production of a sporozoite infection of the salivary glands The 
subsequent series of observations are in seasons during wduch it was increasingly 
difficult for oocysts to mature and produce sporozoites In Series I, a high mfectivity 
rate and a high sporozoite rate were observed In Senes II, winch was carried out 
a month later, the mfectivity rate was lower than that of Senes I and the sporozoite 
rate suffered a big drop This indicates that while conditions were getting to be 
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less favourable foi the infection of the mosquito as indicated by the lowei total 
mfectivity rate, they were definitely adverse to the maturing of the oooysts and 
the production of sporozoites In this senes, most of the oocysts observed 
were of the half grown stage The very sparse infestation of the salivary glands 
observed m two specimens in that series appears to be the remains of a 
previous sporozoite infection and it seems evident that there had been no 
lecent production of sporozoites In Senes III, the total mfectivity rate is 
lower still than m Series II, and the infection consisted entirely of gut infections 
The presence of oocyst infections without corresponding sporozoite infections 
in this series denotes a state m which conditions are not unfavourable for the 
foimation of oodysts, but that some factors prevent or delay the development 
and maturing of the oocysts In Series IV, if we may rely on the comparatively 
smaller number of observations, conditions are apparently unfavourable even 
for the formation of oocysts 

In passing from Series I to Series IV, it seems evident that we pass from 
a period which was favourable for the development of oocysts and the 
production of sporozoite infections, to a transitional peiiod when only oocyst 
infections were possible, and thence to a season when conditions were unsuitable 
even for the formation of oocysts The fall in the total infection rate and in 
the sporozoite rate prove this contention 

It should, however, be observed that the oocyst rate does not exhibit a uniform 
fall from Series I to Series IV (Chart 1) In Series I, it is 8 3 and m Series II, it 
rises very Suddenly to 18 5 From that point it falls to 14 7 m Series III and thence 
to zero in Series IV This rise in t'he oocyst rate from 8 3m Series I to 18 5 in 
Series II is indicative of the transitional period between a favourable season and an 
unfavourable season This rise of the oocyst rate could be explained in the 
following manner — 

Although there is a reduction m the total mfectivity rate from 23 4 m 
Series I to 18 5 m Series II, the oocyst rate actually shows a rise from 8 3 
to 18 ( 5 This is due to the fact that While m Series I a large proportion of the 
oocysts were capable of maturing and bursting, such maturing of oocysts 
was greatly suppressed m Series II and the infections persisted m the oocyst 
stage That is how that although the total mfectivity rate is lower, the oocyst 
rate is much higher than m Senes I This view is further supported by 
the low sporozoite rate and the sparseness of sporozoite infestation of the 
salivai'y glands observed in Senes II 

In the four series discussed above, the value of oocyst infections as an 
indicator of the transmitting capacity of the species Varies considerably 
In Series I, the inclusion of ooCyst infections in the total infection rate is 
justifiable as it is very unlikely that the oocysts then observed m the gut 
would not normally complete their development on much the same manner 
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as other oocysts had matured and produced sporozoites In Senes III, the 
infected specimens had only the oocyst stage of the parasite and there w s 
no sporozoite infection of the salivary glands at all It seems apparent that 
under the conditions that prevailed at the time, the oocysts did not mature 
at all or that their development was so greatly suppressed or retarded as to 
render sporozoite infection ineffective Under such conditions, it would not he 
justifiable to take into consideration oocyst infections in judging the transmitting 
capacity of the species The same thing holds good m regard to Scries IT 
also The sporozoite infection of the salivary glands observed m two specimens 
in that series are evidently the remains of an old infection of the glands which 
was gradually disappearing , the oocysts in that series did not appear to be 
developing well enough to produce sporozoites m due time It is thus seen 
that while m Senes I, the oocysts weie capable of maturing and producing a 
sporozoite infection of the salivary glands, those observed in Series II and IJT 
were apparently incapable of doing so As such, the value of oocyst infections 
as an indicator of the transmitting capacity even of the same species is dependent 
on the period of observation 


The relation of the oocyst rate to Tnc sporozoite ratl 

With reference to Senes I discussed above, it was mentioned that the oocysts 
observed m the gut are potential sources of sporozoite infection of the salivary gland 
and that most of them would, as a mattei of comse, mature and liberate sporozoites 
Should such be the case the incidence of oocyst infections and of sporo/oitc infections 
of any series would vary m relation to the interval between the day of collection and 
the day of dissection One would naturally expect that the incidence of oocj st 
infections would be highest soon after the date of collection and that it would fall 
rapidly as the interval between the date of collection and the date of dissection 
becomes longer The sporozoite infection, on the other hand, would show an 
increase with such delay 

Such a phenomenon has been observed in the course of observations on Scries I 
The mosquitoes that comprise that series were collected every day between 28th 
October and 9th November 1930 The number of specimens obtained for 
dissection during this period was so large that the accumulated material could 
not be dissected out and examined immediately They were, out of necessity, 
dissected on different dates following the date of collection The results of these 
dissections have been classified and tabulated according to the interval that elapsed 
between the date of collection and the date of dissection These tabulated results 
show the variations of the oocyst rate and the sporozoite rate m relation to 
interval between the date of collection and the date of dissection The fill 
table gives the results of these observations Th foIIowlll g 
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Table I 


Period between date 
of collection and 
date of dissec 
tion 

Midguts 

Salivahy gland 

Total imectiox 

Number examined 

Number with 
oocysts 

Oocyst rate 

Number examined 

Number with 
sporozoites 

Sporozoite rate 

Number examined 

Number with 
oocysts or sporo 
zoites or both 

Infection rate 

3 to 4 days 

21 

■ 

33 3 

19 

2 

105 

21 

7 

33 3 

5 to 6 days 

118 

B 

15 3 

118 

17 

14 4 

119 

24 

20 3 

7 to 8 days 

144 


83 

145 

23 

15 8 

145 

28 

19 3 

9 to 10 days 

392 

30 

76 

391 

92 

23 5 

392 

101 

25 8 

11 to 12 days 

144 

5 

36 

144 

34 

23 6 

144 

35 

24 3 

27 to 28 days 

17 

0 

00 

17 

1 

5 8 

17 

1 
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The eailiest figures available are of the 3rd to 4th day after the day of 
collection , no figures are available for less than that period of interval owing 
to the fact that no dissections were made until the stomach was clear of 
the blood meal 

These observations show that the incidence of oocyst inf ections is highest m 
dissections in which the interval between the day of collection and the day of 
dissection is shortest and as the interval becomes longer, the incidence of oocyst 
infections decreases rapidly On the other hand, the incidence of sporozoite infec- 
tion is low m dissections carried out during the first few days after collection and it 
increases rapidly with the delay in the date of dissection The oocyst rate and the 
sporozoite rate in these observations seem to behave differently , the former drops 
with a delay m the date of dissection -while the latter shows a rise with the delaj 
The results are graphically represented in Chart 2 The oocyst late is highest, 
namely 33 3 per cent, during the 3rd and 4th day after date of collection and 
diminishes rapidly as the interval increases It falls to 15 3 per cent in 5 to 
6 days, to 8 3 in 7 to 8 days, to 7 6 m 9 to 10 days and finally to 3 5 per cent in 11 
to 12 days On the other hand, the sporozoite rate increases proportionately with 
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the deciease of the oocyst x ate and the increase in the 5 

st;?;*'.*” * «— " • *“ "■ 

subsequently experiences n slow end gradual decline 


f'lrr A T»m 9 



The explanation of these observations is apparent At the tunc of capture, 
a certain intensity of sporozoite infection and of oocyst infection occur among these 
mosquitoes With the lapse of time, the oocysts grow, mature and burst, liberating 
sporozoites As the mosquitoes m captivity do not get any further infective feeds, 
no more fresh oocysts can develop in the midgut Since no fiesh oocysts are formed 
to replace those that mature and burst, the oocyst rate drops m pioportion to the 
matuimg of the oocysts, the latter being directly dependent on the mtei val between 
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the last infective feed and the date of dissection Proportionately with the fall of 
the oocyst rate, the sporozoite rate increases until it reaches a high level about the 
9th day after capture From that point on to the 12th day, the sporo'zoite rate was 
observed to maintain the same level, as by that time most of the oocysts had 
evidently matured, burst and discharged their sporozoites After this stage, the 
sporozoite rate declines slowly as seen from the fall from 23 6 per cent on the lltli 
and 12th day to 5 8 per cent at the end of 28 days This fall m the sporozoite rate 
is the result of continued discharge of sporozoites during each occasion on which 
the mosquito feeds on the raisins kept m the mosquito cages and the consequent 
emptying out of the glands of their sporozoites This matter will be referred to 
again later 

The oocyst ratio and the sporozoite ratio 
Chart 2 is based on the oocyst rates and the sporozoite rates obseived m the 
series There is, however, the possibility of error due to chance variations resulting 
from random sampling Theie is no certainty that the degree of infection m the 
3 to 4 day group is equal to that of any other group If, on the other hand, instead 
of taking the actual percentages, the different ratios of the oocyst rate and the 
sporozoite rate to the total mfectivity rate of each group are taken into considera- 
tion, such error due to variations m random sampling would be entirely eliminated 
In Table II below, the variations of the two ratios above mentioned are shown m 
relation to the intei val between the day of collection and the day of dissection 
The term ‘ oocyst ratio ’ is given to the ratio of the oocyst rate to the total infection 
rate , and by ‘ sporozoite ratio ’ is meant the ratio of the sporo'zoite rate to the total 
infection rate 

Table II 


Interval between the day of Oocyst ratio Sporozoite ratio 

collection and the day of (oocyst rate divided by infec (sporozoite rate divided by infcc 
dissection tion rate) tion rate) 


3 to 4 days 

6 to 6 days 

7 to 8 days 
9 to 10 days 

11 to 12 days 



27 to 28 dajs 


00 
5 8 


00 


G 8 
G 8 
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These figures sliow how the oocyst ratio starts high and falls rapidly with the 
increase m the interval between the date of collection and the date of dissection , 
it exhibits a negative correlation with the intei val period The sporozoite ratio, on 
the other hand, starts low and rises as the interval period gets longer , it shows a 
positive correlation with the dissection interval period These results arc graphically 
illustrated in Chart 3 

Chart 3 
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of tlie maturing of the oocysts and their collapse after they had discharged the 
sporozoites The sporozoite ratio, on the other hand, starts with a comparatively 
low figure, namely 0 32, during the 3rd and 4th day after collection and rises 
lapidly with the increase m the interval period It finally reaches 1 0 when all the 
infected specimens have acquned a sporozoite infection of the salivary glands 

The results discussed above show that the relative incidence of sporozoite and 
oocyst infections in any senes of dissections of a carrier species depends largely on 
the interval that elapses between the day of collection of the specimens and the 
day of dissection This has been demonstrated above by a consideration of the 
actual sporozoite rates and the oocyst rates, as also by a consideration of the 
sporozoite ratios and the oocyst ratios, whereby the chances of error m random 
sampling are entirely eliminated If the observations are made within a few days 
after the date of collection, the oocyst infection tends to be the highest of the series 
and the sporozoite infection the lowest If the day of observation is delayed, the 
oocyst infection deci eases and the sporozoite infection increases m proportion to 
the length of the mteival between the day of collection and the day of dissection 

LOSS OF SPOROZOITE INFECTION 

In discussing the variations of the sporozoite rate (Table I), it was observed 
that the sporozoite late fell from 23 6 per cent during the 11th to 12th day after 
collection to 5 8 per cent at the end of 28 days (Chart 2) This is a definite fall in 
the incidence of the infection and it was mentioned that it may be due to the conti- 
nued emptying out of the sporozoites from the salivary glands as a result of the 
mosquitoes feeding on the raisins kept m the mosquito cages It was also observed 
that the infestation of the salivary glands with sporozoites at the end of 28 days was 
decidedly poor, which indicates that the infection had been getting to be less and 
less This diminution in the spoiozoite infection rate as -well as m the intensity of 
infestation of the salivary glands is the result of the discharge of sporozoites during 
every time the mosquitoes fed on the raisms kept in the mosquito cages As a 
lesult of the maturing of the oocysts present m the gut, the maximum sporozoite 
infection and the highest infestation occurred during the 9th to 12th day aftei 
collection When all the oocysts had matured, there is no further supply of sporo- 
zoites to infect the salivary glands and fiom this stage onwards there is a constant 
discharge of sporozoites during every occasion when the mosquito feeds on the 
laisins As no more sporozoites come up to replace the ones lost during the process 
of feedmg, the sporozoite infestation gets lower gradually with the result that the 
sporozoite infection rate also depreciates in course of time The longer the lapse of 
time after the optimum infection period, the greater is the reduction m the infection 
rate 

The same phenomenon would happen even under natural conditions In the 
above observations, the mosquitoes, which were m captivity, v r eie deprived of any 
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further mfectne feeds aftei the time of i apt me In nature the same efTut tan 
be produced In the onset of an atherse season with t he re-ult that although tin 
mosquito mav get an infect i\ e feed there i- no more formation of ooc \ -t- and tin 
ooevsts alreadv m the gut are suppressed m the course of de\ elopment The re-tilt 
of such an e\ ent woulcT be that the spororoite infection which exist- in tho-e 
mosquitoes at the time of the onset of the adi erse season w ould tend to be gradualh 
discharged with even* act of feeding The result of this process would be tint in 
course of time the sporozoite infestation would diminish rapidlv and the sporozoite 
rate would fall The results of the observations on Series II discussed in an e irlier 
part of this article (page 32S un/c) m which the sporozoite mfe-tation was cere 
sparse and the sporozoite infection rate suddenly fell from JO 3 percent m 
Series I to 3 7 per cent in Series II during the course of i mon*h, illustrate this 
phenomenon of such natural loss of infection 
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I General observations 

Co™™ the large size of the genus Trypanosoma, if all the species attn 
buted to this genus are to be considered valid, it is surprising that the complete 
life-histones of only a comparatively few species are known if indeed the !, 1 

complete is not an exaggeration in this connection The importance nf’tl d 

both on account of its world-wide occurrence and ite d,l T”" 8 ’ 
parasites m the annual kingdom, for its hosts include meAerAf 77 a f 
separated phyla as the Arthopoia and Valebrata warrants the 1 f 
many complete hfe-histones as possible from hos[s at least „ f 3*77 T ° “ 
Only when a sufficient number of these are known will nm l , ', " t f ™ ,Ilcs 
T’yjmmrna be adequate for the separation of species withm 7 °‘ ^ gCn " I * * * S 
ascertained data on morphology and bionomics, the fomt ! on P rec «b' 

( 541 ) ’ ° ut P rcscnt state 
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of knowledge, being still the most important character m differentiating protozoan 
species 

Bearing these points m mind, when we encountered, during the course of work 
on kala-azai, a trypanosome parasite m lizards of the genus Henndactylvs, family 
Geclomdce, and m sandflies of the genus PMebotomus the opportunity given us to 
work out the life-lnstory of this trypanosome was gladty seized, not only on account 
of its intrinsic interest but on account of the hope that it would throw some light 
on the major study of kala-azar on which we were engaged The account which 
follows represents the lesult of our study of this interesting paiasite and, it. is hoped 
may serve as an example of a life-history foi comparison with the life-histories, 
still to be worked out, of other members of the genus Trypanosoma 

II Synonymy 

The parasite which is the subject of this study was first described by Mackie 
(1914) under the name of Herpelomonas pMebotonn which was found parasitic in 
the sandfly PMebotomus nnnutus 

Mackie, Gupta and Swammath (1922) later named what was probably the same 
parasite, now recovered from the gecko lizard Henndaelylus frenatus, Bum andBibr, 
Trypanosoma hemrdactyli In the same paper they described a cnthidial parasite of 
the sandfly, PMebotomus nnnutus, and named it Cnthdia pMebotonn, unaware that 
they were dealing with different stages in the life-history of one parasite In 1924, 
Shortt, m recounting the parasites found m sandflies of the genus PMebotomus, 
remarked that the trypanosome of the lizard and the crithidia of the sandfly, both 
of which he also had encountered, were probably one and the same parasite, a 
possibility which had also been envisaged by the writers previously referred to 

In 1925, Shortt, from a study of Mackie’s twelve-year old original preparations, 
which had faded considerably, described the parasite as Bodo pMebotonn, being 
misled by the fact that there were many dividing forms possessing two flagella 
although the nucleus did not appear to have divided or to be m process of doing so 
The study of an abundance of material, both lizards and sandflies, has now 
enabled us to unravel the tangle of names and we are on fir'm ground when we 
pronounce that the Heipetomonas, CntJndra and Bodo of the sandfly and the 
trypanosome of the lizard are one and the same parasite, the name of which there- 
fore according to the rules of Zoological nomenclature must be Trypanosoma 
pMebotonn (Mackie, 1914) Previous work on Trypanosoma pMebotomi left one m 
some doubt as to the precise species of both the reptilian and insect hosts of this 
parasite and this preliminary point should first be cleared up 

The reptilian host has now been definitely identified for us by Mr Parker of the 
British Museum as Hemidaciyhis frenatus, Dum and Bibr, and the insect host 
by Lieut -Col J A Smton, v c i m s as PMebotomus balm var sborth. Adler 
and Theodor 
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III Life-history 

In treating of the l.fc-lmtoiy a slimt deception of ll.o Icypnnosome as found 
m the lizaid will fust be given ami flue will he followed by dosc'lpl.ons of its stages 
of development n. the ordei m which they ocen, in the sandfly who,, the I. In 
ingests the parasite ... its blood meal off the h/ard The completion of the hfc- 
histoiy by the letiansfcience of the paiasito to the h/nid nftci the completion o 
its development m the sandfly will be finally considcied 


A Tiypanosoma phlebotomi m Ilemidactylus fienatns 

Hemdaclylus fienalm is a vail gecko vciy common m Assam It mnj be 
found throughout the yeai but is raie m the coldest months when its insect food 
is at a minimum 

Technique —To obtain blood from the gecko for examination foi tnpanosomes 
is not easy unless the correct technique is followed Tins depends on an exact 
knowledge of the position of some convenient large blood vessel closely undeih mg 
the skm The simplest and surest piocedure is as follows The li/ard is grasped 
by the thiynb and forefinger of the left hand, the thumb being applied to the under 
and the forefingei to the upper surface of the head With a sharp fiat suigical 
needle a quick ‘ ]ab ’ is made in the neck region about \ mm behind the car hole 
If the underlying vessel is successfully pricked there is an immediate formation of 
a drop of blood at the site of the puncture It is picked up on the edge of a glass 
slide and a smear made on a second slide, or the drop may be transferred as such 
to another slide and covered with a slip for observation m the fresh state Bi the 
latter procedure an immediate diagnosis of the presence or absence of tnpanosomes 
may be made To prevent clotting of the blood the drop ma) be mixed oil 
the sbde with a small drop of citrated saline solution (NaCl 0 8 per cent, Sod 
Cit 1 5 pei cent) and, in any case, the preparation should he sealed with melted 
vaseline 


As the morphology of the parasites is to be treated m latei sections and we 
are now dealing with the life-history, the appearances seen m a fresh preparation 
only will now be considered The presence of parasites m a preparation is at once 
evidenced by a movement among the blood corpuscles This is seen to be caused 
by a large undulating parasite about one and a half times the long diameter of the 
red blood cells The parasite is somewhat elongated but, at times, mav be ovoid 
or even nearly circular It is hyaline m appearance and its movements arc seen to 
be produced by the rhythmical undulations of a membrane winch extends the u hole 
ength of the parasite The movement is not limited to the mcmbiane for the 
waves of the latter are communicated to the body propel of the parasite winch 
moves in rhythm with it The undulating movement described mav ., „ ' ' 

the parasite appreciably changing posit, on or there may be, ,n addition, a movement! 
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of translation, but tins is never rapid in character nor large m amount and is not 
obviously co-ordinated to produce continued progression in any partieulai direction 
The forms seen m the peripheral blood are monomorphic 

The percentage of infected lizards we found to be 7 4, based on the lesults 
of one examination only of each lizard These examinations were made through- 
out the year except m the months of November and December and the results did 
not reveal any variation m the percentage of infections sufficient to indicate any 
definite seasonal variation From this we deduce the probability that infection 
once acquired lasts for a long time if not, indeed, for the life of the lizard It appears 
to be quite innocuous to the host 

B Trypanosoma phlebotomi in Phlebotomus babu var shortti 

(a) Ingestion of the parasite by the fly 
If an infected lizard be confined m a small muslin cage within a frame with a 
glass top and laboratory bred (and hence clean*) Phlebotomus babu var slmth be 
released therein the latter will soon begin to feed upon the lizard Any situation 
on the latter may be the seat of attack and the lizard appears to be quite uncon- 
cerned, making no effort to get rid of the flies The latter take a considerable time 
to make their blood meal, ten to twenty minutes or longer elapsing before the 
process is complete The most active movements of the lizard do not appear to 
disturb the flies m the process of feeding When replete they are comparatively 
inactive and tend to seek any available shelter to digest their meal m safety 

(b) Stages m development up to twenty-four hours after ingestion by the fly 
As we have never found the lizards heavily infected there is great difficulty 
m identifying the one or two individuals ingested by the fly among the relatively 
great mass of blood This difficulty is accentuated by the fact that the trypano- 
somes seem to lose their motility very rapidly m the ’fly and, m addition, the blood 
becomes coagulated or at least assumes a condition which renders it difficult to 
disintegrate it in a search for the contained trypanosomes As a consequence 
of these difficulties the earliest stages observed by us in fresh preparations were 
at about three to five hours after ingestion (Plate XXXIV, fig 17) The blood at 
this time is still nearly fresh in appearance although more or less consolidated 
The trypanosomes ingested at the meal have lost their characteristic shape and are 
now represented by ovoid or nearly spherical bodies measuring about 10/f in 
diameter There is now no trace of any undulating membrane and consequently 


* The method of breeding Phlebotomus flies of the ‘ nunutus ’ group is e\actly similar to that 
described by Shortt, Barraud and Swaminatb for P argenhpes m Ind lour Med Res, aIIT, 
p 943 
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‘no power of movement In these bodies the cytoplasm i» very mnrhcdly vntuoWrd 
and extremely ref.act.le dne to highly rcfrmgcnt granules oec.py.ng and filling 
the spaces between the vacuoles Aiornid t-l.e body is a distinct porlplnatn 

membrane 

From tins stage onwards multiplication of the paiasites proceeds at a great 
rate One such body kept under observation had, at the end of an hour, nlread) 
divided into four individuals (Plate XXXIV, fig 1G) 

At this stage there was present, also, an entirely new feature Siirroijnding 
the four daughter bodies was a definite hyaline cyst wall winch seemed to represent 
the original penplastic covering of the previously undivided bodv The four 
daughter individuals contained within the evst were ovoid in shape and measured 
about 4 5/i in their longest diameter Their contents were masses of lnglih 
refrmgent granules lying within a hyaline mntux From the four-individual stage 
there follows a progressive increase m size of the bounding cyst wall pent pawn 
with an increase by division m the number of contained bodies After the lapse 
of about twenty-four hours from the ingestion of the parasites In the fh a charac- 
teristic stage has been reached which will now be described as it is seen m fresh 
preparations and in stained sections of the fly 


In fresh prepen ations 

At this stage the midgut of the fl) r dissects out very easily, either posteriorh 
or anteriorly, the blood meal being, apparently, a more oi less solid clot If the 
preparation be covered with a slip and 'flattened out by pressure the gut wall will 
give way and the contents can then be more easily examined wdnle the disintegra- 
tion of the mass is not sufficient to destroy the general relation of parts, so that 
anterior and posterior parts of the gut, and the contents corresponding, can still 
he correlated The blood meal is represented by a reddish brown granular mass 
which disintegrates m lumps, indicating that it is solid In any situation m this 


mass, but most usually towards its anterior part, one or more clear spheres measur- 
ing about 38/< may be seen These should be manipulated aw r ay from the blood 
mass for more exact examination When this is done each sphere is seen to be 
composed of a very definite spherical cyst membrane enclosing contents which 
completely fill it. The contents consist of a large numbei, 40 to 60, of very highh 
lefractile bodies lying m a granular matrix (Plate XXXIV, fig 15) Each of these 
bodies represents a trypanosome and many of them are seen to be in pairs represent 
mg the rapid multiplication which is going on The individuals are quite motion- 
less since, at this stage, there is no trace of any flagellum So far as we are an are 

there ,s no previous description of the formation of a definite cyst witlim „ l„ c l, the 
earlier stages of trypanosomes develop 

The only description we know of having any resembhurf +n ti, ; , , 

described by „s ,s that of the mtraeelWar phase ,n the d'evclopij^ Tf 

* ’ 


13 
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of the rat as given by Minclnn and Thompson (1915) Theie are, however, funda 
mental differences of which the most important aie that m the case of T hum 
the spheres are intracellular and the individual trypanosomes are flagellated, 
whereas in T phlebotomi the spheres are free m the midgut yet contained in definite 
cysts and the individual trypanosomes contained arc definitely aflagellate That 
the containing wall we have described really is a resistant cyst wall we m ere able 
definitely to demonstrate as follows 

To a cyst at the stage v e have described or to one at a somewhat later stage of 
development (36 hours), an mtra-vitam stam, such as dahlia, dissolved in normal 
saline solution is introduced under a coverslip If the stain is allowed to act for 
some time it will be seen that the developing trypanosomes m the cyst remain 
entirely unaffected while their suiroundings are stained in greater oi lesser degree 
If, now, the cyst be ruptured by pressure upon the coverslip it will be found that the 
extruded trypanosomes immediate^ take up the colour of the dahlia proving that 
they were previously prevented from doing so by a protecting cyst membrane 
The latter may now be seen as a crumpled and deflated bag peihaps still containing 
a certain number of trypanosomes Mention of the cyst wall will be made m connec- 
tion with later stages of development and further consideration of it may thoiefoie 
be deferred 

In sections stained with it on hcemaloxylin 

The distribution of the developing trypanosomes m their cystic envelopes 
with lelation to the distended midgut has been considered in the last section and, 
therefore, the appearances seen m a stained section may be described without 
furthei preamble 

(1) Under a low powei — (Plate XXXY, fig 18) Embedded among the debris 
of the blood meal, in which the nuclei of the red cells may still be distinguished, 
are seen one or more distinctively differentiated clear, circular or ovoid areas 
measuring about 38 jt in diameter If one of these be examined it is seen to consist 
of a bounding wall, the space within which is packed closely with ovoid clear bodies 
each of which shows a distinct darkly staining dot 

(2) Undo a oil immersion lens — (Plate XXXI, fig 1) Under the 
increased magnification it is at once apparent that the intenor of the cyst is divided 
up into compartments or meshes by a well defined network The lines composing 
the boundaries of the meshes, and which are, of course, sections of the walls bounding 
the compartments, are much stouter towards the centre of the cyst and taper 
towards the bounding wall of the latter Within each compartment formed by the 
network lie one or more rounded oi ovoid bodies each of which represents a deve- 
loping trypanosome Each of these exhibits a larger, more lightly-staining nucleus 
and a smaller more densely-staining parabasal body about one-third oi one-fourth 
the diameter of the nucleus Xo tiace of a flagellum is present 
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(c) Stage of development lenclicd at the end of thirty-six to foity hours after 

ingestion by the fly 


In flesh pi operations 

The midgut is easily extracted by the postenoi route The contents are a 
moie or less consolidated mass consisting of partially-digested blood, usually 
situated anteriorly, and of enormous masses of developing trypanosomes These 
masses, which are roughly Spherical, are each developed fiom one of the cysts des- 
cribed m the last section and are seen to be subdivided into smaller contained masses 
which may be seen bulging on the surface of the larger body There may 
be as many of these larger masses as there were cysts at an earlier stage and each is 
surrounded by a definite cyst membrane which shows considerable resistance to 
rupture and which impedes the entrance of an mtra-vitam stain On release of 
the contents of the cyst the latter remains as a torn envelope The developing 
trypanosomes inside the large masses are seen as ovoid highly retractile bodies, 
singly or m small groups and, apparently, quite motionless If, however, the cj st 
be ruptured, it will be found that among the great majority of motionless retractile 
bodies a few may be seen here and there which are actively motile due to the 
formation of flagella These flagellate forms are few m number at this stage 
and appear to have little power of translatory movement although their 
flagella wave vigorously If an attempt be made by means of dissecting needles 
to break up one of the cysts, it will be found that considerable difficulty is 
experienced in liberating the individual parasites The natural presumption 
is that they must be held together by some secretion or by some containing 
structures In the description of stained sections it will be seen that the latter 
is probably the true explanation 


In sections stained mth non hcematoxyhn 

(1) Undei a low poioei —(Plate XXXV, figs 19 and 20) In a median saggital 

section of the fly it will be seen that a large, if not the main, portion of the midgut 

is now occupied by huge developing cysts, each representative of one of the small 

original cysts described at the twenty-four-hour stage, while the intervening spaces 

are occupied by still undigested blood debris These cysts are no longer strictly 

circular or ovoid, being somewhat irregular m outline owing to mutual compression 

against each other or against the anatomical structures of the fly The individual 

cystic masses may measure about 78 ji m diameter and have a very characteristic 
structure which will now be described ' actcristic 

(2) Under a V oil immersion lens — (Plate XXXT fin- o\ cj , 
each cyst is a very definite cyst wall more or less hvalmlm^Li ] 

in outline to the shape of the space occupied bv it wl!l ^ Conformw S 
to maintain its regular circular or ovoid form V’is o t ** tlme tendm S 

distinct from the mere condensation of the gut 
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well seen m places wheie shrinkage m fixation has caused the gut contents to recede 
from it 

The entire interior of the cyst is divided up into a large number of spaces 
irregular in size and shape, bounded by a network of fine hyaline lines representing 
the cut walls of irregularly shaped compartments At the periphery of the mst 
these lines connect with the outer cyst wall These compartments are seen to be 
filled, sometimes somewhat loosely, sometimes closely packed, with laige numbeis 
of ovoid developing trypanosomes The vast majority of these are aflagellate 
but a ery few, and these tending to be more elongate, are piovided with comparn- 
tivcly long flagella Each individual has a clearly maiked nucleus and parabasal 
and many, if not the majority, are obviously at some stage m division The si/e 
of the individuals is considerably less than those at the twenty-four-hour stage and 
this fact is probably the result of rapid and continuous multiplication 

(d) Stage of development reached at the end of seventy-two hours after 

ingestion by the fly 

In fresh preparations 

The general appearance of a dissection made at this stage is not markedly 
diffeient from that seen at the thirty-six-hour stage when considered as a whole 
A more close examination, however, of the developing cysts wall show that a definite 
advance m development, indicating a profound morphological change in the indivi- 
dual parasites, has been reached The general reticular character of the mteiior 
of the laige cysts is retained and these c}sts may now, for a reason to be presentlj 
explained, be termed the primary cysts Within the primary cysts much smaller 
groups of parasites are seen, indeed these groups now form the mam constituents 
of the primary cysts, in contradistinction to the smaller groups or single or dividing 
aflagellate tiypanosomes described in the last stage If one of the primary cysts 
be ruptured and the groups described be extruded, a striking transformation will be 
seen to have taken place Each of the smaller gioups present m tjie primary cyst 
will now be seen to be itself a cyst containing trypanosomes and may therefoie be 
1 eferred to as a secondary- cyst 

Each secondary cyst when set free is seen to be oval m outline and measures 
about 9 5 p in its longest diameter It consists of a verj' delicate cyst wall enclosing 
a space completely filled with a writhing mass of flagellates The motion within 
the secondary cyst is one of intense seething motility giving the impression that the 
elongate flagellates are continuously sliding or gliding over one another but, withal, 
so tightly packed that the individuals are inextricably mingled together If one 
of the secondary cysts be kept under observation for some time it will be seen to 
disrupt and long actively motile flagellates detach themselves and swim rapicfl) 
away Such motile foims may be seen in large numbers throughout the prepara- 
tion and they are active enough to swim rapidly out of the field of view 
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In sections stained with von ItamaLoryhn 

(1) Unde, a !m pnm -(Plate XXXV, fig 21) The eppenrnnee emler a 

low power does not vary markedly from that seen at file Hurt) -six to forty-ho.il 
stage The same reticular structure is maikedly in evidence, the interspaces being 
filled with what appear to be somewhat laiger groups of pamsites than in tJie 

previous stage „ , 

(2) Unde) a T b- oil vnmeision lens — (Plate XXXT1, fig 3) Jhc first gance 
under a high power reveals that a striking change has occurred in the parasites 
The reticular structure, also, appears m some cases to be further modified This 
modification takes the form of a still greatei subdivision of the chamber s described 
m the last stage This is evidenced by the persistence of the older and coarser 
subdivisions of the cyst while the spaces foimed by them have undergone a further 
subdn lsion into still smaller spaces The smallei chambers so formed contain 
each one group and, we believe, one gioup only of parasites These groups are seen 
to be now multinucleate and vary m shape from sub-ovoid to elongate J'^.ich of 
these multinucleate groups represents one of the secondary cysts dcscubcd in the 
fresh preparations examined at this stage The nuclei stand out with great distinct- 
ness retaining the stam tenaciouslv Withm the secondary cjsfs the individual 
parasites are arranged on the whole longitudinally m the long axis of each cyst 
Although the majority of these parasites have probably by now acquired flagella 
yet so tightly are they packed inside the secondary cjsts that these are not 
demonstrable except m those individuals which have escaped from disrupted cjsts 

(e) Stage of development reached at the end of one hundred and thirteen 
hours after ingestion by the fly 

In fiesh piepaiations 

On opening the midgut enormous masses of parasites emerge Some of these 
masses appear to he very similar to those described m the last stage, 1 o , laige 
primary cysts enclosing large numbers of secondary cysts In addition to these 
enormous numbers of actively swimming free flagellates, very elongate m shape, 
are present which give the whole field an appearance of intense activity These 
free forms may he found invading the hmdgut of the fly and considerable numbers 

may even have reached the rectum where they can be seen very activelv motile 
around the lectal papillse ‘ 

From the description given of the stage at seventy-two hours one would mfci 
that, as the secondary cysts developed and discharged their flagellates, so the Jnttci 
free swimming forms would increase m numbers at the expense of the less dm clone, 

rus ir.'sr 2 

of the fly which persists for the hfe of the latter, even when ,t feeds a second t,Z 
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The conditions of this relationship seem to he that ihe midgut of the fly appears 
to have been constituted a manufactory for the continual production of flagellated 
forms which, on being set free m the midgut, tend continuously to 30 m a stream 
of migration in the direction of the rectal ampulla In other woids, the formation 
of secondary cysts is repeated indefinitely in the position established by the infection 
m the midgut and continues as the source of supply of flagellated forms which, 
owing to their power of free swimming are enabled to make their way toward the 
part from which the infection is presumably to be transmitted to the vertebrate 
host As to the source from which the continuous supply of secondary cysts is 
derived we are uncertain It may be that while a majority of the flagellates heed 
by the rupture of the secondary cysts is destined to migrate posteriorly towaids the 
rectum, a minority is destined immediately to commence division and to form a 
new generation of secondary cysts 

In sections stained with non hamatoxyhn 

( 1 ) Under a low' power — In the midgut the condition seen is almost the same 
as that described for the last stage and need not be further enlarged upon In the 
hmdgut there is as yet little to be seen but m the rectum, occupying the spaces in 
the rectal ampulla around the papillae, considerable numbers of flagellates may lie 
made out although their details are not visible (Plate XXXV, fig 22 ) 

(2) Undo a , l - oil imm&sion lens — 

(a) The midgut — Here the condition seen is very similar to that described 
for the last stage There is the same great development of secondary cysts hut 
there appears to be some difference m their relationship to the containing chambers 
Whereas at the seventy-two-hour stage each chamber contamed but one secondary 
cyst, a certain number now appear to contain two or more Whether this is actually 
the ease or is more apparent than real, and due to the breaking down of adjacent 
chamber walls by the escaping flagellates we are unable to say Free elongated 
flagellates are to be seen but m small numbers compared to the appearances seen 
m a fresh preparation This is probably due to the fact that m the latter case 
large numbers are set free by trauma from mature secondary cysts, a complication 
which is absent from preparations in sections where the objects remain m situ 

( b ) The Tnndgitt and rectum — (Plate XXXII, fig 4) The hindgut is very 
rarely satisfactorily seen m sections This is due to the development of the ova 
after the fly feeds The ovaries then come to occupy most of the abdomen and, 
as the more fully developed ova never fix satisfactorily, they cut indifferently 
and so prevent the hindgut, which passes between the ovaries, from giving a 
good preparation At best, parts of it may be seen here and there among the 
masses of ova and m them a few elongate flagellates may be distinguished 

The rectum, as a rule, gives a good preparation in sections Into the rectal 
ampulla may be seen projecting the tv o rectal papillae In the space between these 
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arc laigc numbers of elongate flagellates with long flagella So fm ns ran be ascci - 
tamed all of these flagellates are cnthulial m type and the tine trypanosome typo 
is conspicuous by its absence 

The sta<m which we have now 1 cached in the hfc-hisloiy of the trypanosome 
parasite, viz°, the fust invasion of the rectum of the fly by free swimming ciitlndin 
forms, marks also a crisis m the life of the host The eggs are mature and, until 
successful oviposition takes place, the fly is unable to feed a second time and will die 
Provided the eggs aie successfully deposited the fly is ready for its second feed on a 
lizard and, on completion of this, the stage is set foi the final act in the life-history 
of its tiypanosome parasite 


(/) Final stage of development reached four 01 five da) s after the second feed of 
the fly (eighth to ninth dav after ingestion b) the fly) 

In fiesh piepaiations 

On opening the midgut it is seen that the mtcnsit) of infection dwarfs ail) thing 
previously seen All the stages m the individual ti) panosomes already described, 
except the blood forms, arc to be encounteicd, but the mam impression convc) ed 
to the eye is an intense seething activity caused by the innumciablc elongate free 
forms dartmg about m eveiy direction and tiansfcinng a pait of their own nctmfy 
to objects not in themselves motile At this stage this intense activit) is not limited 
to the midgut but reaches every pait penetrable by the free swimming forms so 
that the infection also extends up the malpigluan tubules to a considerable distance 
The activity of the free motile forms m the midgut to some extent masks the pi escnce 
of the earlier stages of development but on examination it is evident that these 
are probably present m greater number even than the more striking free forms 
The hindgut and rectum are similarly tightly packed with parasites, the potential 
space normally present between and around the rectal papillae being entirely 
occupied by the parasitic mass So tightly compressed may the mass distending 
the hindgut and rectum be that no movement of the paiasites lira) be \isiblc 
If, in such a preparation, the gut or lectum, which is filled with an apparently inert 
mass, be ruptured, an indescribable activity is released indicative of the degree to 
which the compression precluding movement )vas operative, in spite of the fact 
that this movement is produced almost entirely by long flagellated forms which 
have been compiessed into inactivity by the still greater mass of short ‘ mctacyclic 

forms to be seen m fixed and stained preparations and which will be descnbcd m a 
later section 


In sections stained with non liccmatoxyhn 

(1) Under a low poivei —(Plate XXXV, figs 23 and 24) 

The entire midgut is seen to be occupied by a massive parasitic infection 
e parasitic mass as a whole appears to be surrounded by a thick bounding 
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wall applied against the epithelium of the midgut and of about the same thickness 
as the latter Within this bounding membrane, which may represent the cjst 
wall of a primary cyst, the parasites are arranged m immense multmucleated 
masses which ma} measure as much as 3 lp m diametei The reticular structure 
which has persisted throughout the different stages of development is still 
retained, the reticulm bounding the laige parasitic masses and penetrating them 
further to subdivide them The hrndgut, when visible, is packed with parasites 
so thickly that the latter present a uniform multmucleated filling distending the 
gut The rectum, in the space be'tween and around the rectal papillae, is completely 
occupied and greatly distended by a continuation of this parasitic filling 

(2) Unde) a T ‘ r oil unmet ston lens — 

(a) The midgut — The appearances seen under the high power differ considerable 
from those apparent in the earlier stages of development The immense develop- 
ment in numbers which the secondary cysts have by now undergone lias led to 
them compression into very large masses each of which probably originally consisted 
of many secondary cysts In some cases the cysts contributing to the formation 
of the large masses can still be differentiated The trabecular structure is still 
present and the presence of these trabeculae dividing up the parasitic growth into 
greater and smaller masses, themselves further subdivided by finer trabeculae, 
gives to the whole structure a most striking superficial resemblance to the formation 
of a secreting gland such as, for instance, the pancreas The majority of the 
parasites constituting the larger and smaller masses appear to be elongate forms 
and the whole parasitic activity in the midgut is analogous, as already stated above, 
to a manufactory for the production of these forms on a large scale to keep up the 
stream of migration towards the hrndgut and rectum 

(b) The hrndgut and tectum — (Plate XXXIIT, fig 5) In these situations, 
and more especially m the rectum, the anatomical parts are enormously bloated 
with their parasitic contents These, unlike those of the midgut, tend increasingly 
as one proceeds to examine m a direction posteriorly from the midgut towards the 
rectum, to be composed of shorter and shorter forms with shorter and shorter 
flagella until most of those eomposirtg the mass m the rectum are short stump} 
forms with only rudimentary flagella, when these are present at all, presumably 
the so-called ‘ metacychc ’ forms The state of compression, and this applies 
equally to the midgut, is too great for the flagella of the parasites to be individual!) 
distinguishable 

(g) Retransference of the infection to the lizard Hemidaciylus frenaius 

Owing to the posterior direction which the parasitic development pursues, 
with the eventual production of large numbers of ‘ metacychc ’ forms m the rectum, 
the presumption must be that the transference of the parasite to its vertebrate 
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host, a process ncccssniy to .to suiv.val, must omu posteriorly .1 the jnwcl host 
takas any active part m the process Tl.e absence of any paras, tes ... 1,0 ante, or 
parts of the alimentaiy canal of the fly precludes infection bv the bite of the lot , 
but this still leaves two possible modes of tiansfeienee of infection to the vertebra c 
host to be considered These aie 

(1) The subcutaneous loute 

(2) The oi al loutc 


The subcutaneous loute 

The sandfly, as we have stated, takes a considerable time over its blood 
meal, and in the course of it ejects several drops of a fluid from the cloaca 
Whatever be the origin of this fluid, whether from the rectum or from the 
malpiglnan tubes, it must necessarily contain flagellates m the case of an infection 
such as that described, and there is no difficulty m postulating the possible 
infection of the wound made by the proboscis of the fly m feeding villi 
these flagellates 


The oi al loute 

(a) Ingestion of leclal contents of the fly by the lizard— The fly maj take its 
blood meal from any part of the lizard except its ventral surface The region of 
the head and neck is quite frequently selected and the transference of the flagellates 
extruded from the cloaca of the fly in the course of feeding to the mouth of the 
lizard would present no great difficulties 

(b) The ingestion of the whole fly by the hzaid — We have ne\er m nature, 
actually seen a gecko capture a sandfly { Phlcbotomus ), but there seems no reason 
why it should enjoy any particular immunity and, indeed, uc have frequent!) 
found that on liberating a known number of Phlcbotomus babu var shoitti into a 
muslin cage containing Hemidactylus frenatus m order to infect the flics, vc ha\c 
been unable to recover the number of flies liberated m the cage The pi esuniption 
is that some of these flies must have been eaten by the lizard, most probabl) after 
they themselves had made their own meal, since in the gorged state the) would be 
larger and more visible 

'Whatever the various possible routes foi infection may be, we considered the 
oral to be the most probable and to verify this carried out the necessary experi- 
ments Very young lizards newly hatched from eggs were utilized These veie 
almost certainly uninfected but, to make suie, were examined for trypanosomes 
and found uninfected 1 


They were fed, at intervals of a few days, on P lain var do,m wind, l,„d been 
infected by feeding on infected lizards and then refeeding after oviposit, on Tins 
resulted m the infect, on m the hies being eight or nine days old so that the i ifel 'c 
stage in the rectum was well estabhshed The blood of the lizards was cammed 
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after two or th.ee weeks for the presence of trypansomes The details of two 
successful experiments arc as follows — 


Animal 

Number 
of times 
fed on 
infected 
flies 

Total 
number 
of flics 
given 

Days after 
first feed 
when blood 
was 

examined 

Result 

H frenaltti 1 

3 

5 

2S 

Lirard infected with 
T phlebotomi 

H f renal us 2 

t 

9 

17 

Lizard infected with 
T phlebotomi 


It is probable that the infection m the lizards could have been found at an 
earlier period, but we wished to give the infection every chance to establish itself 
before making an examination The reason for this was that the newly hatched 
lizards were minute creatures not much more than an inch long and did not alwa\ s 
survive the extraction of blood These experiments seem to us to prove beyond 
reasonable doubt that the method of infection m lizards is normally by the oral 
route and that the sandfly P balm var skorlli is the vector of the trypanosomes 
A possible fallacy might lie in the fact that the lizards could have got the infection 
from some of the museid flies used to feed them upon during the incubation period 
of the infection, but we do not think tins need be senously considered Moreover, 
other lizards kept under similar conditions, and fed m the same way on museid flies 
only did not acquire any infection 

IV Morphology 

A The adult t? ypanosome (Plate XXXIV, flg 6) 

1 Zoologiccd position — The general morphology of the parasite places it m 
the group of the trypanosomes characteristic of cold-blooded animals 

2 Mea sin eluents — The variations m size of individuals seen m the peripheral 
blood are not very great and the major variations in lengths and breadths are 
apparently due chiefly to fortuitous alterations brought about by the relationships 
of the parasites to the surrounding red cells The measurements of the lengths 
and breadths of 15 wet fixed and mounted individuals taken at random were 29 4/( 
long and 14 2/< broad with extremes of 40 5 ft and 24 75/f long and 18/' and 11 5/' 
broad 

3 Orientation — The orientation of the different parts of the parasite with 
regard to its surface and to its extremities, and their relationships to one another, 
are fixed and definite when the parasite has its natural shape Even when this is 
distorted by outside agencies the distortion seems to affect only the periplast and 
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t-lic cytoplasm, tlie internal stiuctmcs, such as the nucleus, parabasal and axosfylo 
retaining their mutual lelationships, a fact which nigues a ceil am rigidity of 
stiuctiuo in the intcuoi of the paiasite 

There would seem to be no icason foi considering an) pnificulai sui fares of the 
parasite as doisal and ventral but, foi purposes of description, we may arbitrarily 
consider as dorsal that surface of the parasite from which the origin of the 
undulating membrane arises For the same reason wc may call that the anterior 
end which is farthest from the ougm of the same organelle since this would be tbe 
end which would lead m piogicssion in the case of moie active free swimming 
trypanosomes Accepting this orientation of the parasite as a whole the undulating 
membrane commences on the dorsal surface, passes somewhat diagonally to 
one of the lateral surfaces and is attached along tins surface as far as the anterior 
extremity 

The nucleus occupies a position m the mtcnoi somewhat antcnoi to the (cntrnl 
transverse plane The X-granule (to he later described) is situated m the interior 
about \ of the length of the parasite fiom the posterioi extremity and the parabasal 
about '? of the length from the same extremity but situated more superficial!) 
The relative positions as seen m a median sagittal section would be as shown m 
Text-figure 1 

The axostylar body is centrally placed m the body of the parasite 


Post 


1 2 3 
i ; ; 

» I , 

» t 


; Dorsal I 



i « 

‘ 

4 5 


Text figure 1 

Orientation of structures m adult trypanosome 
1 Parabasal, 2 X granule, 3 Trophonucleus 4 
5 Axostylar body 


Undulating membrane , 


lizard is ovoid m optical section 
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extremity, hereafter called posterior, as being at the end of the body from near 
which the flagellum arises, is bluntly pointed A cross section through the equator 
of the parasite would show the bod)'- to have considerable bulk and that tins is 
actually the case is evidenced by the considerable difference m focus under a high 
power of the microscope between the upper and the lower surfaces in wet fixed and 
mounted preparations Also, when examined under a high power binocular 
microscope, the body is obviously thick and voluminous 

This typical conformation is subject to considerable variations according as 
the body of the parasite is subjected to the pressure of objects m its surroundings 
In this way the body may be more elongated when wedged between two rows of 
blood cells or more rounded when pressed upon on all sides Irregular shapes mav 
also be assumed showing that the body consists of a jelly-like and highly plastic 
cytoplasm surrounded by an equally pliable pellicle or periplast 

5 Cytoplasm — As seen in wet-fixed iron-haunatoxylm preparations the 
C) toplasm is markedly granular This granularity is a true indication of the highly 
lefringent granules seen m the cytoplasm m fresh preparations and this property 
of refnngencv is not entirely lost even m the fixed and stained preparations 

Towards the posterior end of the body there tends to be a collection of much 
larger granules or globules with a distinct outer wall and central clear area, the 
result of being seen m optical section These large granules may occur in any part 
of the cytoplasm but any tendency to agglomeration is usually most marked m the 
region mentioned On the other hand when concentrations of the finer granules 
occur, these tend to be towards the anterior extremity, but there is no definite 
regularity m their distribution 

The cytoplasm m its outei layers is raised into a series of myonemes which 
appear to pass more or less longitudinally, but with a slight diagonal bias over the 
anterior and posterior surfaces of the parasite The diagonal bias appears to be in 
the opposite direction on the two surfaces so that the two sets of myonemes, if 
focused separately, appear to cross one another at an acute angle If the parasite 
under observation is much flattened, both sets of myonemes may be seen at the 
same time and then the effect seen is that of a loose meshwork Apart from the 
granules already mentioned the cytoplasm is remarkably free from any inclusions 
Local rarefactions of the granular structure are sometimes evident giving the 
appearance of vacuoles, but these are never sufficiently definite to warrant the 
assumption that they have any structural significance 
6 Organella — 

Trophonucleus The trophonucleus is a well-marked body of somewhat 
irregular shape varying from a regular quadrilateral shape through various 
modifications to a triangular form It is practically never spherical and 
occasionally presents small indentations dividing it into two equal, or greatei and 
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lesser parts This subdivided form of the nucleus is not an indication of commen- 
cing division since none of the other accompaniments of a dividing nucleus are 

ever piesent 

There is a well-marked nucleai membrane enclosing a more or less homogeneous 
nuclear structure with a remarkable absence of chromatin granules The chromatin 
would appear to be umfoimly distributed tliiougliout the substance of the nucleus 
and any apparent aggicgations aie so obscutc as haidly to deserve the name of 
granules No karyosome is visible In preparations stained with Giemsa stain 
the nucleus stains very faintly and, nr some cases, is difficult to distinguish at nil 
another pioof of the small amount of the chromatin present Wo have nerer 
encountered anv parasites m the peripheral blood showing any indications of 
division, and those parasites encountered m the internal organs appear to he 
identical with those found in the peripheral blood 

Two possible interpretations which might be put on this apparent- absence of 
dividing forms, are either that division, leading to multiplication in the \ ertehrate 
host, is only a periodic occurrence and that we never examined the blood during 
one of these periods, or that the sum total of multiplication mn> occur ns soon ns 
infection with cntlndial forms takes place and ceases with the attainment of the 


adult form 

X-gianule — We have given this name provisionally to the structure here 
described as we have been unable, so far, to determine either its function or its 
homology The X-granule is usually a small spherical deeph -staining granule 
lying near the posterior extremity of the axostylar body about one-quarter the 
length of the parasite from its posterior extremity and more deeph situated than 
the parabasal Instead of the typical spherical form it may assume the form of a 
very short and thick rod placed transversely to the long axis of the parasite This 
is, however, unusual and may merely be the lesult of deformation The X-granule 
has no obvious connections with any other structure In specimens stained with 
Giemsa stam the X-granule is quite indistinguishable and were this the only stain 
used its presence would be quite unsuspected We have no suggestions to offer ns 
to the significance or origin of this granule hut its constant presence and definite 
location with respect to other structures leave no doubt that it fulfils some role in 
the internal economy of the parasite 


Parabasal — This is a small spherical antero-postenorly oval gianulc about 
the same size as the X-granule, or a little larger, and situated near the poster 101 
extremity of the parasite about one-fifth of the length of the parasite from that 
extremity It takes an intense stam with iron haimatoxylm and, n „ h “ e the 
X-granule, also stains intensely with Giemsa stam Surrounding the . , , 

there is usually to be seen a halo-like rarefaetion of 

represent a small flagellar vaeuole The parabasal has two eonneolTstnmta 
close relationship with it, the undulating membrane and the axo t,t b d otT 
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appearing to commence m its immediate vicinity It has no visible connection 
with the X-granuIe 

Flagellai vacuole — This has already been referred to m the preceding section 
While usually assuming the form of a narrow halo surrounding the parabasal it 
sometimes appears to be considerably larger but is then less definitely demarcated 
from the surrounding cytoplasm and we are not completely satisfied that the 
appearance m any case really represents a definite structure as is the case m a 
leptomonad type of flagellate such as Leishnama 

Undulating memhane — The outer edge of the undulating membrane appears 
to commence m a minute blepharoplast situated to one side of the parabasal at a 
distance about equal to the diameter of the latter It appears to reach the surface 
of the body and then turns to take a somewhat diagonal course towards one of the 
lateial borders of the parasite where it pursues a sinuous course anteriorly along 
tins border to terminate at the extreme anterior end of the body, there being no 
projection of a fiee flagellum beyond this point 

Between the outer edge of the undulating membrane and the body of the 
parasite lies the membrane proper, its line of attachment to the body following 
generally the line of the outer edge but without its sinuosities so that it takes a 
shorter course to reach the same termination The result of this is that the undu- 
lating membrane as a whole is thrown into a series of folds numbering four or five, 
the folding having a general dorsi-ventral arrangement The part of the outer 
border winch traverses diagonally the body of the parasite to reach the lateral 
border has very little, if any, membrane attached, being closely applied to the outer 
surface of the body for most of its length after it has emerged from its mtracyto- 
plasmic position at its commencement (axoneme) 

The anterior end of the undulating membrane appears to join tangentially the 
anterior rounded end of the parasite, there being no evidence m fixed and stained 
preparations that there is any projection of a free flagellum beyond that point 
The membrane proper is hyaline throughout its length being therefore m marked 
contrast to the granular cytoplasm of the body 

Axoneme — This term is used to denote the very short mtracytoplasmic portion 
of the axial filament which, with its periplastic covering, forms the outer bordei 
of the undulating membrane It is not always easily seen, but, m some lron- 
lieematoxylin preparations, may be made out as a very fine line extending the thick 
part of the border of the undulating membrane to a point almost, if not quite, m 
contact with the anterior end of the parabasal 

The blepharoplasl — This body, by which is meant a minute granule sometimes 
to be seen at the commencement of the axoneme, is not always present in prepara- 
tions stained with iron hsematoxylin, at least m visible form In such cases it 
seems that the axoneme passes directly into the parabasal, or the separation may be 
so small as to be beyond the lesolvmg power of the micioscope In dried 
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preparations stained with G.cmsa, however, the blcplmroplnst ran readily he 
made out, the gicntei flattening of such prepaiations causing a larger gap beta ecu 
the blcplmroplnst and the painbasnl 

Thiid gumitle — In n certain number of pniasitcs there appears, m addition to 
the stiuctures already described, a third gianule placed m a line with the parabasal 
and X-granulcs and anterior to the latter, the tbice granules being equidistant 
This granule is usually absent but appeals m the same position in a suffic lent number 
of parasites to warrant its mention It is roughlv of the same si/e as the X-grnnulc 
and, when present, is definite enough to warrant the assumption that it has some 
structural significance 

Axostyhr body— This is the name wc have applied to a structure which docs 
not seem to conform to the dcscnption of any of the various organelles described 
m other species of trypanosome Mention has been made In various workers on 
Trypcrnosomidce (Christophers, Shortt and Bariawl, 1927, McCulloch, 1915, 
Wenyon, 1913) of structures which have been interpreted as homologous to axosh les 
but none of these descriptions refers to any structuic which is of constant occurrence 
and of so definite a nature as that which m this parasite wc have designated the 
axostylar body 

This body is of an elongated spindle shape, apparently taking origin at or nenr 
the parabasal and extending forwards to beyond the junction of the middle and 
anterior thirds of the body of the paiasite 

Mlule the parabasal may be said to be near or at its posterior extremity the 
X-granule lies on its central line about one-fifth of its length from its posterior end 
and the trophonucleus is similarly placed about the same distance from its 
anterior end 

Its shape is very regular is demarcated b\ a very clear-cut bounding wall 
anti, while not quite hyaline m appearance, it stands out in maiked contrast to the 
granular cytoplasm It is seen both in preparations stained b> iron hccmatovslm 
and by Giemsa 


In general appearance, so far as it extends, and in staining chaiaeteustics it 
would not be distinguished from the axostyle of a form such as T> ichomonas 

In parasites more or less markedly deformed by outside agencies the axosU lai 

body tends to retain its form showing that it has a definite and, indeed marked 
rigidity ’ 

„„ tT p n i0n 0f , a ° iK ° stylar the parasite is apparently nearly 

central and the nucleus is therefore closely annhed to if Tn +i ^ 

may refer to tlie description by OliristoXs Short* ‘ , t , <«t.on wc 

similar but far less definitely marM body m S* ° f “ 

rupted parasites, sometimes shows a ‘ taebo ’ mdiratine " lnd, > 1,1 d “" 

nucleus had been closely applied to it 8 t le posltlon wheie the 
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Whether one is justified in considering the organelle under consideration as a 
rudimentary axostyle we are not sure, but it was only after a full consideration 
of other possibilities that we were led to considei this as the most reasonable inter- 
pretation 

B Developmental f 01 ms in the insect host 

(1) Twenty -foui hows aftei ingestion —(Plate XXXI, fig 1) The parasite 
twenty-four hours after ingestion by its insect host has already divided repeatedl) 
to produce a large number of individuals These individuals lm e a general ovoid 
contour and average 6 7 // long by 3 Qji broad Each has a distinct periplast, but 
there is no trace of any flagellum or undulating membrane The cytoplasm is 
granular and markedly vacuolated The nucleus is roughly ovoid and both it and 
the parabasal stam well with iron heematoxylm, the latter especially showing great 
tenacity m retaining the stam against differentiation with iron alum 

The amount of material at our disposal at the earliest stages of development 
is very small and we have not, therefore, been able to study m detail the process of 
division of these early forms Moreover, division proceeds at such a rapid pace 
that it is difficult to trace its progress step by step There is no doubt, also, that 
division of cytoplasm lags behind that of the nucleus and its associated parabasal 
with the result that irregularly bulging bodies are formed containing two or more 
nuclear masses and as many or more parabasals The bulges are caused by 
commencing planes of division of the cytoplasm 

As far as can be ascertained the parabasal seems to divide first forming a 
centrodesmose from which two new daughter parabasals consolidate themselves 
This stage may be seen before there is any trace of division m the nucleus The 
nucleus then divides m a similar manner, the process being initiated as a small 
protrusion from one side of the nucleus and the division of nucleus and parabasals 
may be repeated a second time before the cytoplasm commences to divide The 
series of events m division may be represented m diagrammatic form as shown m 
Text-figure 2 

(2) F oi ty hows aftei ingestion —(Plate XXXI, fig 2) In describing parasites 
at this stage there is little to add to descriptions given of those examined twenty- 
four hours after ingestion The majority of forms seen are very similar, but there 
is a tendency towards even greater vacuolation of the cytoplasm The great 
majority of the parasites are apparently still aflagellate but somewhat more irregular 
m shape This is due, when present, to commencing elongation m the individuals 
concerned, a first stage on the way to the production of cnthidial forms Multi' 
plication is still very active and there is a greater tendency than ever to the formation 
of compact agglomerations of parasites the result of rapidly repeated divisions 
in situ There is some tendency at this stage for the parabasals to assume a dis* 
tmctly rod-shaped form but ue think this raaj be merely an early sign of division 
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m these parasites as described for those at the twenty-four-hour stage A few 
of the parasites have already developed flagella and these forms also Mill he 
seen to be m active division ,, w 

These young flagellates arc very short and biond fusiform parasites \\ith *<. 
staining cytoplasm (Plate XXXIV, fig 8) In division the paiabasnl first diucles 
and develops a new flagellum and the latter may be well developed and the paiaba 
sals widely separated before the trophonucleus shows any sign of division J his 
results in the production of forms such as are seen in Plate XXXIV, fig 7 




Toxt figure 2 

Stages in division of tlio early aflagellate form of T phlcbolomi m midgut of 
P mmutus var shortli (diagrammatio) Note delayed division of 03 toplnsni 


(3) Seventy-two hows aftei ingestion — (Plate XXXII, fig 3) At this stage 
there is at once evident a marked change from conditions present forty hours aftei 
ingestion The same general arrangement of the parasites 111 groups is evident, 
but the latter aggregations are larger and contain larger numbers of individuals 
The latter, moreover, now include many elongated forms furnished with flagella 
which, in fact, have assumed a typical cnthidial form As these will be descnbcd 
m the next section no further description of their moiphology need he given here 

(4) One bundled and thirteen hours after ingestion — At this stage the parasitic 
activity m the midgut has definitely taken on a double function One function is 
the continued multiplication of the ovoid aflagellate forms of paiasite which 
maintain continuously the infection in the midgut The other function is the 
development of a large proportion of the aflagellate multiplying forms into long 
flagellates of typical cnthidial form These enthidia have not the slightest resem- 
blance either to the ovoid aflagellate forms frdm which they arise and which have 
already been described or to the adult trypanosomes They appear to arise m the 
following way One of the ovoid aflagellate forms ceases to divide and elongates 
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slightly becoming pyriform m shape, and developing a short flagellum 
(Plate XXXIV, fig 8) There is at this stage still no trace of an undulating 
membrane The pyriform flagellate elongates further and begins to exhibit a 
rudimentary undulating membiane (Plate XXXIV, figs 9 and 10) Prom tins 
stage to that of the fully developed mature crithidial forms is only a question 
of further elongation The fully developed crithidial forms measure on an 
average 19 3/i in total length of which the flagellum accounts for 10 7/f The 
form of the body is slightly bulbous posteriorly and tapering very gradually to a 
point anteriorly so that it is difficult to determine the exact point at which 
body ends and flagellum begins (Plate XXXIV, figs 11 and 12) 

Besides these large forms much smaller individuals are to be seen and there 
is every gradation between the extremes (Plate XXXIV, fig 13) 

Cytoplasm — This is markedly reticulated and sometimes vacuolated, much 
resembling that of the aflagellate forms previously described 

Trophonucleus — This is an mconspicuous body an account of its famt staining 
but is relatively large and is usually situated somewhat to the posterior of the 
middle of the body of the parasite In its interior there is sometimes to be made 
out a more darkly staining mass presumably the karyosome and this, not infre- 
quently, takes a rod-klce shape 

Parabasal — This body, as m previously described forms, stains very 
conspicuously It is usually ovoid and is situated near and anteriorly to the 
trophonucleus From it springs the flagellum and, m the larger forms, the 
undulating membrane 

Flagellar vacuole — In some of the longer forms (Plate XXXIV, fig 12), there 
appears to be a distinct flagellar vacuole on the anterior circumference of which lies 
the parabasal As this is not always present, it may merely represent one of the 
vacuoles already mentioned as occurring m the cytoplashi but, when present, it is 
usually well defined and large and its presence m the situation described is at least 
suggestive 

Flagellum and undulating membrane — In the shorter forms the flagellum onl) 
is present It arises from near the parabasal and the intracytoplasmic portion 
or axoneme is often visible It thickens at the surface of the parasite due to its 
taking on a periplastic covering In the earlier stages of crithidial formation the 
rudimentary flagellum is short and straight or slightly curved but rapidly increases 
in length and pliability 

The undulating membrane, which is present m the fully matured crithidial 
forms, is not a conspicuous structure, but, under suitable conditions, can generally 
be distinguished It is very narrow and not thrown mto folds as is the case nith 
that of the adult trypanosome 

The blepharoplast — This, as a rule, is not m evidence m specimens stained uith 
iron hsematoxyhn owing to its small size and close approximation to the parabasal, 
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but m dried preparations stained with Giemsa stain it is often brought out very 
distinctly 

(5) Eight days aft ct ingestion —The period eight days has been taken aibitmrily 
as representing the stage at which development of the trypanosome in the sandfly 
is complete and the infective stage of the parasite has been produced Tins stage, 
however, may be reached eailier, 01 full development of infection may take longer 
to be completed although this is unushal At tins stage the infection, as already 
described m the life-history, is still manufacturing migiatory hordes of the fiec 
sw imm ing parasites described m the last section which make their way down the 
hindgut to the rectum and the result of their active division there is a massive 
growth of short forms It is these short forms, presumably the infective stage of 
the parasite, which we now propose to describe 

Infective fonns of T plilebotomi — (Plate XXXIV, fig 14) These forms aic 
spherical, ovoid or pyriform, of small size, measunng on an average 2 G/f In 2 ] y 
and with markedly vacuolated cytoplasm The parabasal is disproportionately 
large and takes an intense stain, but tire trophonucleus stains veiy faintly and maj 
be almost invisible 

Some individuals show a rudimentary flagellum, but many appear to be rpnic 
aflagellate Owing to the small size of the individuals, we have not been able to 
determine any details of internal structure beyond those given above 
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Explanation op Plate XXXI 

Fig 1 Section of primary cyst of T pMebotomi m midgut of P mmulus var shorlh, 
twenty-four hours after its feed on II frenatus Note commencing 
meshwork 

„ 2 Section of primary cyst, forty hours after feed Note fully developed mesh- 

work 
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Explanation of Plate XXXII 

Fig 3 Section of primary cyst, seventy -two hours after feed Note secondary cysts 
containing flagellates 

„ 4 Section of cnthidial flagellate forms of T plilebotomi m rectum of P mimtlits 

var shoitti 




Explanation of Plate XXXITT 

Bigli power appearance of section tluongli rectum of P mmutus var shorlti 
ciglit days after first feed Note ‘ metacyclic ’ foims of T plilebotomi 
filling spaces between the two rectal papillae 
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Explanation of Plate XXXIV 

Fig 6 Adult form of T phlebotomi m blood of H frenatus 

A Parabasal , B X-granule C Third granule , D Axostylar body , 
E Myonemes , F Trophonucleus , G Undulating membrane 
,, 7 Dividing form of T phlebotomi shoving delayed division of trophonucleus 

„ 8 Early stages in the formation of cnthidial forms of T phlebotomi 

Figs 9 and 10 Immature cnthidial forms of T phlebotomi 
Fig- 11 Fully developed cnthidial form of T phlebotomi 
„ 12 Do showing flagellar vacuole 

„ 13 Small cnthidial form of T phlebotomi 

„ 14 ‘ Metaeychc ’ forms of T phlebotomi from rectum of P inimdus 'Wir shorlti 

„ 15 Line drawing of twenty-four-hour cyst of T phlebotomi in fresh preparation 

,, 16 Line drawing of four-individual stage of pnpiary cyst m fresh preparation 

„ 17 Line drawing of earliest noted predivision forms of T phlebotomi m hash 

picpaiation 




Explanation or Plate XXXY 


Fig 18 

„ 19 

„ 20 
„ 21 




22 


23 


„ 24 


Micropliotograph of section of twenty- four -hour primary cyst of T phleboiomi 
in midgut of P mmutus var slioith 

Micropliotograph of median sagittal section of P minutvs \ar shortti 
showing position of two primary cysts m midgut (fort} -hour stage) 

Do Highei magnification to show trabeculae m cysts 

Microphot ograph of section of seventy -two-hour primary cyst of T phlebotovu 
in nndgut of P minulus\ ai sliorth Note marked trabecular structuie 
Microphotograph of median sagittal section through terminal abdominal 
segments of P mmutus \ ar shortti showing position of flagellates m rectal 
ampulla (one hundred and thirteen hours) 
jMicrophotograph of median sagittal section of teimmal segments of P mwuhts 
iar sliortti eight days aftei initial feed Note two masses of ‘ metacychc 
foimsofP phlebotomi lying m rectal ampulla between the lectal papillie 
Micropliotograph of section of primary cyst in nndgut of P a ar 

shortti eight days after initial feed showing multmucleate aggregations 
of secondary c^sts 
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OBSERVATIONS ON AMiMIA IN PATIENTS WITH 
ENLARGED MALARIAL SPLEENS 

BY 
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(Eiom the Department of Clinical Medicine, King Edward Medical College , 

Lxthoic ) 

[Received for publication, Juno 5, 1931 ] 

In tlxc production of anaemia m certain patients whose spleens have become 
enlarged as a result of chronic malaria causes other than the direct destruction of 
red blood cells by the paiasites, but nevertheless connected with rnalnun, would 
seem to be operative Severe anaemia sometimes occurs in individuals with 
splenic enlargement m whose peripheral blood no paiasites can be found and 
who have not suffered from active malaria for months In many of these 
there is no evidence of any other disease Excessive Inmol) tic activity of 
the enlarged spleen, especially when the eoipuscles arc abnoimally fragile 
(Hughes and Slirivastava, 1927), and damage to the bone manow from malaria 
are possible causative faetois In some patients the effects of these may 
be aggravated by dietetic deficiencies, by the strain of pregnancy and lactation 
and by chronic diseases such as ankylostomiasis, tuberculosis, syphilis, 
dysentery, etc Bignanu (1912) drew attention to the occurrence of progiessn e 
anaemia m malarial subjects after the cessation of the malaual fever and 
termed it post-malarial anaemia He was of opinion that it was induced by age, 
malnutrition, overwork, pregnancy, musing, etc, and that it was not due 
merely to malaual infection He divided the cases into four types accoidmg to the 
characters of the blood 

This paper is based on a study of anaemia m 31 chrome malarial patients (all 
males) who were admitted to the Mayo Hospital, Lahore, on account of oraduallv 
increasing weakness intensified m many instances by the discomfort caused by a very 
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Anosmia m Patients with Enlarged Mdlanal Spleens 

large spleen In some tlie liver was enlarged as well as the spleen and m one there 
was hepatic enlargement only No active intercurrent disease was present m any of 
the cases except one (Table I, No 1) at the time they came under observation * 
They all had a history of repeated attacks of c fever ’ which was treated insuffi- 
ciently or not at all, bidfonly 11 had a temperature while m hospital In tlic 
majority there had been no fever for weeks previous to admission Malarial 
parasites were not found m the blood of any patient Observations included 
enumeration of the total red cells, the reticulocytes (by Todd’s method) (Todd, 
1923) and the leucocytes, differential counts, Arneth counts, estimation of 
haemoglobin by the Newcomer method (normal 15 grammes per 100 c c blood), 
estimation of plasma bilirubin, determination of the fragility of the red blood cells 
by Oraliovats’ method (1926) and of their average diameter by Eve’s bolometer 
The urine was tested for urobilin by Ehrlich’s and Schlesmger’s methods The 
examination was more complete m some patients than m others 

The cases fell into two groups In one group, which consisted of 17 individuals, 
all with enlarged spleens, there were slight or moderate changes in the morphology 
and staining characters of the red cells which numbered from 21 to 4\ millions 
per c mm The hemoglobin varied from 30 to 70 per cent of the normal and 
the colour index averaged 0 7 The mean size of the corpuscles was normal and 
nucleated red cells were scanty Megaloblasts were not seen Poikilocytosis was 
absent or present to a small extent The reticulocytes ranged from 2 to 
10 per cent Corpuscular fragility was normal in all except three individuals 
m whom it was decreased In every patient there was a greater or less degree 
of hyperbilirubmaemia and of urobiknuria The bile pigment was of the 
‘ indirect ’ type In the other group (Table I), which consisted of 14 cases, 
the blood picture showed marked departures from the normal Some or all 
of the following features were seen m every patient examined marked poikilocy- 
tosis, polychromasia, punctate basophilia, hypochromasia and anochromasia (heap- 
ing up of the haemoglobin at the periphery of the corpuscle leaving the centre pale) 
In some individuals there was great diminution in the red cells and in the haemoglobin 
In three the colour index was very low while m one it was abnormally high In 
the remainder it was the same as m the first group The reticulocytes varied from 
34 per cent in Nos 13 and 14 to 1 per cent in No 6 Normoblasts were present in 
all cases except two and megaloblasts m most The average diameter of the red 
cells was increased in six and noimal in eight Corpuscular fragility was greater 
than normal m three With one exception all these patients had enlarged spleens 
and increased amounts of bilirubin in the plasma The exception was No 11 whose 
spleen could not be felt but whose liver was enlarged 1] inches below the costal 
margin In this case the plasma bilirubin was normal or slightly raised, nucleated 


* The 'Wasserinnnn test was earned out in almost all cases and was negative in every instance 
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red cells were very numerous and included many megalob] asts, the average 
diameter of the erythrocyt.es was high (8 0//), and the colour index was low (0 48) 
Two cases in this group died, one (No 6) from secondary broncho-pneumonia and 
one (No 1) from heart failure, the result of old adheient pericardium and 
myocardial degeneration In both the post-mortem findings resembled m many 
respects those of pernicious anaemia Theie were large amounts of heemosiderm m 
the organs, especially m the liver, spleen and kidneys and the bone marrow m each 
showed a typical megaloblastic reaction In sections of the spleen obtained from 
the No 1 there were, however, in addition to the presence of iron and pigment, 
changes characteristic of chronic malaria, viz , proliferation of the reticulo- 
endothelial cells, thickening of the vessel walls and some degree of fibrosis An 
Arneth count done on No 6 showed a shift to the left instead of the shift to the 
right characteristic of pernicious anaemia The colour index was moderate! y low 
(0 77) m No 6 and very low (0 35) in No 1 Four severe cases remained in 
hospital long enough to observe the effects on the blood condition of treatment 
with liver and iron The liver was mostly given raw Fresh sheep’s livers were 
emulsified m a small quantity of water and the ‘ juice expressed through two or 
three layers of gauze This was suitably flavoured and made into a ‘ sdup,’ the 
residue being given m sandwiches Each patient consumed about halt a pound of 
liver with 15 grains of reduced iron daily 

The response to this treatment was good m three individuals the red cells 
and haemoglobin increased and abnormalities m the shape and m the staining reac- 
tions of the former diminished or almost disappeared In one of these, however, 
the patient whose spleen was not enlarged, the mean diameter of the eiythrocytes 
remained above normal In the fourth case (No 13) there was no rise m red cells 
and a small increase m haemoglobin, but the former almost regained their normal 
appearance The relation between the heemic response to treatment the behaviour 
of the spleen and the amount of the plasma bilirubin m Nos 12 and 13 is of interest 
In No 12 improvement m the blood condition (Fig 1) was associated with reduc- 
tion m the size of the spleen and of the degree of hyperbihrubmaemia In No 13, 
on the other hand, m whom there was no increase m the number of red cells as a 
result of treatment (Fig 2), the spleen remained practically unaltered m size and 
the plasma bilirubin at first rose considerably and later fell to a small extent The 
corpuscles -were abnormally fragile throughout In this patient also the reticulo- 
cytes did not dimmish to the same extent as they did m No 12 Administration 
of quinine m daily doses of 30 grams had no influence on the progress of any of the 
above four cases It will be seen from the table that the changes mthe red cells 
during treatment were not always parallel to the changes m haemoglobin Thus m 
patient No 14 the colour index fell from 1 29 to 0 60 m eight days Tins 
phenomenon was noticed by Williamson (1931) during the treatment of pernicious 
anmmia with hogs’ stomach 
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The total leucocytes were below normal m almost all patients m both groups, a 
notable exception again being No 11 in the second group, who- began with a slight 
leucocytosis. In many cases the leucopenia was marked There was a general 



Fig. i 


tendency to a relative lymphocytosis and the monocytes were often 1, 

Monocytosis was not, however, a pronounced feature C f t? ab ° Te Mrma ' 
showed an eosmophdfa the cause of which was not evident fa Cases 

for hookworm eggs were negative The eosinophiles 
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m two patients Fractional test meals were done on Nos 11 and 14 and revealed 
the presence of gastric HC1 m each case In No 11 the amount was small 
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Discussion 

The bilirubin findings showed that in nearly all the patients there was excessive 
blood destruction The fact that the majority had not suSered from active malaria 
for a considerable time makes it unlikely that this haemolysis was due entirely or 
even to any great extent, to the direct action of malarial parasites A probable 
acuse was over-activity of the reticulo -endothelial cells of the spleen and perhaps of 
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other organs The spleen m such cases often shows great hypertrophy of the cells 
of the pulp and the presence of large amounts of bile pigment even when no 
malarial parasites can be found In many of the cases the administration of quinine 
in antimalarial doses did not influence the course of the anaemia and in the two that 
died no parasites were found in the spleen, liver or bone marrow The findings in 
No 13 indicate that m this patient the red blood cells were being destroyed as fast 
as they were being produced by the marrow under the influence of liver and iron 
In No 12 as the plasma bilirubin fell the spleen diminished m si/c although no 
quinine was being given at the time A possible factor m the production of anaemia 
m certain individuals is increased fragility of the red blood corpuscles, a condition 
which was present m three patients, including No 13, and which seems to be related in 
some way to activity of the spleen H In both groups the blood showed evidence of 
increased marrow activity, viz , reticulocytosis, polychromasia and the piesence of 
normoblasts Watkins (1929) regards these features as indicative of blood regenera- 
tion in chronic idiopathic anannia with low colour index and they have no doubt the 
same significance m the patients now being considered In the second group certain 
of the blood changes pointed to deranged function of the marrow, viz , poikiloeytosis, 
the presence of megaloblasts, a high colour index (one case), anochromasia, hypochro- 
masia and, some in patients, an increased percentage of old polynuclears Prolonged 
exaggerated activity may, to some extent, have been the cause of this deterioration 
of function as it apparently is m those cases of acquired ‘ idiopathic ’ acholuric 
jaundice in which the anaemia becomes Addisonian m type 

It is also possible, as already suggested, that dietetic factors played a part in 
the production of the severe type of anaemia We have no exact data on the subject 
but we are of opinion that the diet of the classes to which these patients belonged 
usually contains little vitamin A and often little vitamin C On the other hand 
cereals which antagonize the action of fat-soluble vitamins are largely consumed 
Wills and Talpade (1930), as a result of work in Bombay, suggest that a relative 
deficiency in vitamins A and C, or some factor associated with such a deficiency, is 
concerned in the aetiology of ‘ pernicious anaemia ’ of pregnancy m that city and 
Wills and Mehta (1931) produced severe anaemia in Bartonella-mfected rats by diets 
deficient m these vitamins f 

For purposes of comparison we give (Table II) the findings m three patients 
suffering from severe anaemia associated with pregnancy whom we were able to 


* It was frequently present m a series of cases of chrome malaria with Pnlor„„j „ i , , 
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observe through the badness of Major S N Hayes, fecs, i m s , Professor of 
Midwifery, King Edward Medical College, Lahore One was infected with benign 
tertian malaria and responded well to treatment with quinine, plasmoqume, liver 
and iron The colour index was 1 14 The plasma contained 2 4 units of bilirubin 
and the spleen was considerably enlarged The blood showed the features of a 



Fig. 3 


severe anaemia, including megaloblasts, and the average diameter of the red cells 
was above normal (7 81//) Another patient had a microcytic type of ansenua 
(average red cell diameter 7 17//) with a low colour index and a blood picture 
indicative of deranged marrow function The spleen was greatly enlarged and 
the plasma bilirubin was 1 unit There was slight enlargement of the liver 
This patient was also treated with quinine, plasmoqume, liver and iron and 



583 


T A Hughes and D. L Shi ivasiuvci 


showed marked improvement (Fig 3) Only one complete set of o1)S ™ t '°^ 
could be made on the third patient She was very anemic, the red cells 
numbering less than a million The colour index was 0 74 and the averag 
diameter of the corpuscles 7 72, < The spleen was moderately enlarged and the 
plasma bilirubin was increased to 2 2 units Gastric analyses done on Nos i 
and 3, revealed the presence of HC1 m average amounts \\ hile these three 
cases were all different, each resembled m its mam characters one or other 
of the male cases described above except for the fact that No 1 was suffering 
from active benign tertian malana The findings indicate that pregnancy is not 
the primary cause of the anaemia but is only one factor m its production 


Summary 


A study was made of the types of ansemia seen m chronic malarial patients 
with splenomegaly who showed little or no signs of active malarial infection 
Thirty-one cases were examined 

The factors concerned m the production of ansemia in these patients are 
discussed and it is suggested that m the milder cases the blood condition is due, to a 
greater or less extent, to destruction of the erythrocytes by the reticulo-endothehal 
cells of the enlarged spleen (and possibly of other organs), facilitated m some 
instances by abnormal fragility of the corpuscles 

In the severe cases there were, m addition to evidences of blood destruction, 
signs of derangement of the function of the bone marrow This may have been the 
result of malaria, dietetic deficiencies or other causes Four such cases were treated 
with kver and iron and improvement took place m three In the fourth there was 
no rise in the red cells and little increase m the haemoglobin, although there were 
indications of increased mairow activity In this patient the behaviour of the 
plasma bilirubin led to the conclusion that destruction of the corpuscles was keeping 
pace with their production 

A description is given of three cases of severe ansemia associated with pregnancy 
The patients had enlarged spleens and one of them had active benign tertian malaria 
at the time of observation The resemblance of these cases to the others is pointed 

out Two, who were treated with quinine, plasmoqume, liver and iron, responded 
well L 


M ,i 0u i r n b 1 f nks are due to Ma]or ' H S Anand ’ IMS > Professor of Physiology 
Medical College, Lahore, for permission to use his laboratory and to Drs Muhnmad 

Reseltr^d lit “ ^ 
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LEUCOCYTE CHANGES HOLLOWING INJECTION OF 
SANOCRYSIN IN PULMONARY TUBERCULOSIS 
AND THEIR SIGNIFICANCE ! 


BY 

Li!eut -Colonel T A HUGHES, m a , md, d p h , m r c p , i m s , 

AND 

D L SHRIVASTAVA, v sc 

(From the Department of Clinical Medicine, King Edward Medical College , 

Lahoie ) 


[Received for publication, June 5, 1931 ] 


The differential leucocyte count is of prognostic importance m pulmonary 
tuberculosis A lymphocytosis occui s when healing is taking place while a lympho- 
poema, a neutrophilia and a leucocytosis are usually all bad signs In the early 
stages of the disease there is some degree of polynuclear leucocytosis but in 
established chronic cases increase of the polynuclears indicates caseation or a 
mixed infection It is also present in acute disease A monocytosis is found 
when there is formation of new tubercular tissue, viz , development of endothelial 
and giant cells, and an increase m the ‘ monocyte-leucocyte ratio ’ is looked upon 
as a bad omen The eosmoplnles are increased m the allergic stage of the disease 
when there is good humoral and anatomic resistance (Jimez Askua, 1921) and 
are scanty m the presence of acute and rapidly spreading lesions A pleural as 
well as a hsemic eosmophilia follows the induction of artificial pneumothorax m 
phthisical subjects This reaction seems to be characteristic of tuberculosis as it 
does not occur when artificial pneumothorax is produced in healthy dogs 
Injection into guinea-pigs of the protein-rich exudate which sometimes forms when 
air is introduced into the pleural cavity m tubercular patients usually causes a rise 
m the circulating eosmoplnles In the absence of an exudate the local eosmophilia 


* The blood changes following administration of Solganol were observed m a few 
nere found to be similar to those following administration of Sanocrysm 

C 85 ) 


instances and 
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can be demonstrated by wasting out the pleural cavity with saline (Pmey, 1931) 
If no eosmophiha follows artificial pneumothorax the prognosis is considered bad 

It is possible that these blood changes are related to the biological action of 
certain constituents of the tubercle bacillus Sabm and others (1930) tested biologi- 
cally three products obtained from the human bacillus, viz , a lipoid fraction, a 
protein and a polysaccharide and found that the production of specific tubercular 
tissue was solely due to the lipoid fraction, the active principle of which is a 
saturated fatty acid called ‘ phthioic acid ’ They considered the protein and 
polysaccharide to be concerned m the development of an allergic state and not m 
the formation of tubercles The protein was shown to be highly toxic to 
tubercular animals 

Taking the leucocyte picture to be an indication of the reaction of the body 
to the tubercle bacillus, a study was made of the changes m the differential count 
following injection of Sanocrysm m patients suffering from pulmonary tuberculosis, 
with a view to throwing some light on the mode of action of this substance It is 
now recognized that Sanocrysm does not attack the tubercle bacillus directly and 
that the reaction which sometimes follows its administration is not due, as was 
formerly supposed, to destruction of the bacilli and liberation of endotoxin Like 
most, if not all, so-called chemotherapeutic substances it acts m conjunction with 
the body cells It has been suggested that it stimulates whatever curative processes 
are already going on and certain clinical facts support this opinion 

Observations were carried out on tubercular patients in the Mayo Hospital, 
Lahore, and consisted mainly in noting the blood changes at daily intervals after 
injections of Sanocrysm A blood examination was made immediately before each 
injection and m the earlier experiments two hours afterwards It was found that 
when reactions occurred they were maximal about 2 hours after the injections 
Blood for the daily counts was taken at the same time each morning while the 
subjects were fasting Differential counts were founded on at least 300 cells 
Changes m the constitutional symptoms, in the physical signs and m the sedimenta- 
tion rate of the red blood cells were also observed The suspension stability of the 
blood, while not of diagnostic import, is usually regarded as a good indication of the 
progress of the disease The drug was given in doses varying from 0 05 g to 0 75 g 
depending on the stage of treatment, condition of the patient, etc , and increases 
were made very gradually Altogether the effects of 44 injections were observed 
m 13 phthisical patients and of 6 injections m 4 non-tubercular subjects, two of 
whom were suffering from chronic active malaria Figures are given only to illus- 
trate typical features as it does not seem necessary to give details of all the observa- 
tions A preliminary report on 9 injections given to 4 patients has already been 
published (Hughes and Shrivastava, 1930) 

The effects of the injections on the total cell counts were not constant The 
commonest change m the leucocytes was a fall lasting 1 to 3 days Sometimes 
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the red cells also fell Abrupt rises m the blood counts were occasionally seen m 
patients with night sweats and great fluctuations m temperature These were 
probably due to concentration of the blood As icgar'ds the differential counts, 
in most instances, whether the drug was beneficial or not, theie was a rise in the 
monocytes This usually began on the day after injection and lasted one to three 
days (Table I) In a few cases, m which the initial counts showed a fair proportion 
of these cells there was no monocytic increase (Table II) This effect was also 
observed m the malaria patients in whom there was a moderate initial monocytosis 
When the injections gave rise to improvement an increase in the lymphocytes 
occurred (Table I) This generally commenced on the second day and continued 
for 4 to 7 days, being of longer duration with the larger than with the 
smaller doses Changes similar to these were seen in the non-tubercular 
subjects (Table III) but the malaria was uninfluenced in the two patients who 
were suffering from that disease In tubercular individuals in whom the gold 
salt had a bad effect there was no increase m the lymphocytes or else a fall u as 
produced (Table IV) An increase in eosmophiles was a frequent result of the 
injections The blood changes after an interval of 2 hours were a fall in the 
total leucocytes, m the lymphocytes and m the monocytes with a relative increase 
m the polynuclears 
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No improvement Fall in lymphocytes Initial moderate monocytosis No nsc in mono- 
cytes after Sanocrysin 
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Table III 


(Note —Fiqwes within hi acids indicate percentage (hffcicnhal counts ) 


\^' v 

Name 

Date 

BBC 
per 
c mm 
(milli- 
ons) 

WBC 
per 
c mm 

Differential count ter o mm 

Remarks 

Lympho 

cytes 

Mono 

cytes 

Poly- 

nuclcars 

Eosmo 

plnlcs 

A S 

2-6-30 

3 76 

9,130 

2,466 

338 

6,115 

183 

Before injection 





(27 0) 

(3 7) 

(07 3) 

(2 0) 



j do j 

3 75 

13,300 

1,676 

319 

11,180 

133 

2 hours after 





(12 6) 

(2 4) 

(84 0) 

(10) 

0 1 g Sa nocry- 









sin 


3-5-30 

4 68 

11,470 

3,097 

688 

7,491 

195 






(27 0) 

(0 0) j 

(05 3) 

(1 7) 



4-5-30 

4 46 

9,070 

2,876 

544 

5,505 

145 






(31 7) 

(6 0) 

(00 7) 

(10) 



6-5-30 

4 42 

9,000 

2,853 

387 

5,463 

297 






(31 7) 

(4 3) 

(00 7) 

(3 3) 



6-5-30 

4 10 

8,270 

3,109 

165 

4,772 

223 






(37 6) 

(2 0) 

(57 7) 

(2 7) 



Efiects of Sanoorysin m a non tubercular subject Rise m lymphocytes and m monocj tes 


Table IV 


(Note — Figures within haclcets indicate peicentage dijjeicntial counts ) 




RBC ! 
per | 

WBC 

Differential count ter c mm 


Name 

Date 

c mm 1 
(milli- 
ons) 

per 
c mm 

Lympho 

cytes 

Mono 

cytes 

Poly- 

nuolears 

1 

Eosmo- 

philes 

Remarks 

P L 

10-4-30 

0 43 

14,030 

2,946 
(21 0) 

1,122 
(8 0) 

9,917 
(70 7) 

42 
(0 3) 

Beforo injection 


do 

6 64 

12,900 

1,380 
(10 7) 

1,032 
(8 0) 

10,320 
(80 0) 

108 
(1 3) 

2 hours after 
0 1 g Sanocry- 


11-4-30 

5 06 

11,630 

1,117 
(9 6) 

1,745 
(15 0) 

8,489 
(73 0) 1 

279 
(2 4) 

sin 


12-4-30 

5 02 

10,930 

1,421 
(13 0) 1 

951 
(8 7) 

8,416 
(77 0) 

142 1 
(13) | 



14-4-30 

5 57 

12,730 

1,616 
(12 7) 

1,018 
(8 0) 

9,802 
(77 0) 

293 1 
(2 3) 



15-4-30 

5 44 

16,730 

- , 

1,958 

(117) 

602 
(3 6) 

14,010 i 
(83 7) 

160 
(1 0) 



p ““ 
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Injection of Sanoctysm m Pulmonary Tuberculosis 


Tlie findings show that when injection of Sanocrysm benefits a patient 
suffering from pulmonary tuberculosis theie are temporary changes m the 
circulating leucocytes resembling the changes that occur when the disease is under- 
going spontaneous improvement and that similar changes follow administration 
of the gold salt in small doses to non-tubercular subjects On the other hand 
when this substance produces a bad effect the leucocytic changes resemble 
those that are seen when the disease is making headway In view of the 
significance of variations m the white cell picture m pulmonary tuberculosis, 
these facts indicate that the action of Sanocrysm m this disease consists m 
stimulating whatever curative processes are already going on Its effects seem 
to be like that of a vaccine It can therefore be understood why, as clinical 
experience has shown (Buirell, 1931 , Heaf, 1929), its administration leads 
to improvement in those patients only -whose natural forces have resisted the 
infection and have not been overwhelmed by the extent or progress of the 
disease, and why it may often turn the scales in favohr of a patient m whom one 
lung has been collapsed when the other is slightly affected On the other hand, 
it would be expected to do harm in cases who, on account of the severity of the 
infection, defective food or other causes, show little or no resistance This concep- 
tion of its mode of action would also explain why the effect of a small dose lasts 
for a shorter time than that of a large dose and why care has to be exercised m 
increasing the dosage If, in patients who are showing steady improvement, each 
injection is given when the lymphocytosis from the previous injection is at its 
maximum, it is found that the spacing of doses is very much the same as that deter- 
mined clinically The temporary rise in monocytes would seem to indicate that 
there is nearly always an initial stimulation of the production of tubercular 
tissue whatever the ultimate effect may turn out to be The blood changes 
which are seen 2 or 3 hours after injection, at the time when ‘ reactions ’ 
occur, are short-lived and differ from the slow changes above described They 
support the suggestion (Burrell, 1931) that the production of a reaction and 
the stimulation of the tissues to kill tubercle bacilli are two different actions of 
the drug Complications such as albuminuria, gastro-mtestmal symptoms, 
erythema and rheumatic aches and pains are probably due to the direct toxic 
action of gold 

Although Sanocrysm has a much less specific effect m pulmonary tuberculosis 
than qumme has in malaria there are certain facts that suggest a resemblance 
between the methods of action of these drugs It is known that quinine acts 
indirectly on malarial parasites, and James (1931) has expressed the opinion that 
this substance has a better effect on fresh malarial infections if the disease is 
allowed to provoke an immunity reaction by several attacks than if it is 
cut short early Further, it is a matter of clinical observation that quinine 
has much less effect on malaria m patients whose resistance is undermined 
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by bad food, disease, etc , than it has m individuals who arc well nourished and 
of good stamina 

Summary 

A study was made of the daily blood changes following 44 injections of Snno- 
crysm m 13 patients suffering from pulmonaiy tuberculosis and of C injections 
m 4 non-tubercular subjects It was found that — 

1 When improvement m the sjunptoms and physical signs followed 
administration of the drug to tubercular patients, there was a rise in the l>mpho- 
cytes which usually began on the 2nd day and continued foi 4 to 7 days, according 
to the dose administered A similar change was seen in the non-tuberculni 
subjects 

2 When there was no improvement, and more especially when the effect 
was harmful, the lymphocytes cither fell or remained stationary 

3 In all except a few instances a tempoiary use m the monocytes occurred 
This began on the day after injection and lasted 1 to 3 days 

In view of the changes in the leucocyte picture that occur during the natural 
progress of the disease, these findings suggest that the action of Sanocrysm (and 
similar gold preparations) in pulmonary tuberculosis is to stimulate wliatevoi 
curative processes are already going on Care should, therefore, be exeiciscd m 
the selection of cases for gold treatment and the dosage should be small m the 
first place and very gradually increased 

Thanks are due to Major H S Anand, IMS, Professor of Physiology, King 
Edward Medical College, Lahore, for permission to work m lus laboratory and to 
Drs Shujaat All and Sant Ram Dhall for help during the investigation 

The expenses of this research were defrayed by a grant from Indian Research 
Fund Association 
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CHANGES IN THE BLOOD CHEMISTRY IN OSTEOMALACIA 

DURING TREATMENT. 


BY 


Lieut -Colonel T A HUGHES, ha, mb, m.op, dph, ims , 
D L SHPJVASTAVA, d sc , 


AND 


K S MALIK, M sc 

{FWm the De P aHm(, -nt of Clinical Medicine, King Eduanl Medical 

College, Lahore ) 

[Received for publication. May 16 , 1931 ] 

The pathogenesis of the osteomalacia winch occurs sn 
similar to that of rickets, viz , perversion of tli p t . quentl T lu Indla « 

formation of bone deficient m lime salts The n T^ 0 ° SS1&catwu Lading to the 
™y m different oases In BiXl^ «93»°m *»"«. «*» to 

that the chief feature was „ low .L™„,c Sd 1 T pat,Cnts ’ f °“" d 
moderate reduction in the serum calcium Th,s £ “ ccom P a '»o4 by a 

rickets Of ,15 patients examined at Lahore ' IBuZ Z ^ “ lnfi,ntlI<! 
10 had a normal or slightly lowered serum e H gh and otI,CTS . 1929-30) 
phosphorus which was within the adult limits f °' Um ,° Bd * sen ™ “organic 
tetany) had a much reduced < rt ° s “toedfrom 

that found in healthy infants and y“ ng eh, M ' TA' f°t° r " S “ « 

a low phosphorus and one a low cdcium and T’>„ t t ^ calcl ™ “» d 
calcium, as indicated by the occurrence of tLJ Low selum 

m the Punjab and Kashmir Wilson ( 1931 ) f omft f ' C,MUt 111 osteomalacia 
cases seen m Lahore, Amritsar and S mla and “ r \ 7 “ 193 0 "‘ of 397 
ICangra District Spasmophiha occurs „Zm, « » l °"‘ ° f 135 m the 

«... * r S «;,tr 

( 593 ) um ca Lium III 10 

16 
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Changes in the Blood Chemisti y in Osteomalacia 


patients examined by them varied from 5 to 7 4 mg per 100 c cs and the 
inorganic plasma phosphorus from 18 to 3 8 mg Wills found similar figures 
m one of her 20 cases m Bombay 

In the treatment of osteomalacia we have found that, whatever the initial 
values of the serum calcium and inorganic phosphorus, the most marled 



Initials refer to patients described in the table on pages 596 — 598 

Fig 1 


improvement, both symptomatically and radiologically, occurs nlien the former 
is maintained at the normal level and the latter at a height as great as, or greater 
than, that at which it exists m the blood of infants and young children Tins 
is commonly stated to be from 4 to 6 mg per 100 c c In patients who start 
with a normal or slightly reduced calcium and an inorganic phosphorus at 
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a normal adult figure there it generally a steady imc^.n 

treatment is beneficial A secondary a is j n i n ,,p phosphorus 

current disease and is associated with a return of symptoms 1 8 ^ ^ ^ 

low calcium cases the phosphorus sometimes drops a “ V* q{ ^ , )lood 
calcium rises It is interesting to note that the lnorgnn P • P 
attains the ' infantile ' level during the healing of large tinctures 



I and II are patients referred to m the table on pages 596 — 598 
III and IV are patients previously desenbed 
(Ind Jour Med Res, XVIII, p 517) 
i “ ~ Fig 2 

We noticed these features during the treatment of two cases of osteomalacia 
last year and recently we have had an opportunity of studying them m eight 
other cases The findings m these subjects are given m the table. Fig 1 
illustrates the increase m the inorganic serum phosphorus in 6 patients m whom 
this element was originally within the adult limits of normality and Fm 2 
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Backache and pains in the 9 8 3 57 Vigantol from 

limbs began after child birth 31-1-31 

Consumes only small quan- 9 8 0 16 Vigantol and Improved 

titles of milk Cod liver Oil 

from 26-2-31 




Serum Inorganic 
calcium phosphorus 

Date Patient A K o A S° Clinical Notes in mg per m mg per Treatment Remarks 

° onsot I 100 c c 100 c c 

I of serum of serum 
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the variations m phosphorus and calcium m four patients who started with a 
high phosphorus and a low calcium In subject I (see Table)^ theie was a 
return of symptoms whenevei the phosphoius fell below 4 mg Scrum calcium 
and phosphorus were estimated by the methods previously employed (Hughes 
and otheis, 1929), the serum being separated less than half an hour after 
the blood was withdrawn 

In addition to receiving a well balanced diet, containing ficsh fruit and vege- 
tables, the patients were given vitamins A and D in one of tire following forms 
Ostelin (two cases only), Radiostoleum, a special preparation of Vigantol and 
Cod-liver Oil (kindly supplied by Messrs Bayer -Meister Lucius) and Vigantol plus 
Cod-liver Oil Calcium glycerophosphate (30 grains daily) was also given As 
mentioned elsewhere, we have obtained the impression that a lack of vitamin A as 
well as of vitamin D plays a part in the causation of this disease The work 
of Harris (1931) indicates that while vitamin D causes deposition of calcium, 
vitamin A, as far as bone is concerned, is essential for true osteogenesis 
Wilson and Coombes (1931) found that improvement m diet (and therefore 
presumably increased provision of vitamin A) leads to amelioration of symptoms 
only when sunlight is available but that sunlight did not improve cases on 
deficient diet Deficiency in vitamin C may also be a causative factor m the 
disease 

Summary 

During the treatment of osteomalacia it was obseived that improvement vas 
most marked when the serum calcium was maintained at the normal value and 
the serum inorganic phosphorus at or above the level at which it exists m the 
blood of healthy mfants and young children 

Our thanks are due to Dr M Yusuf and Dr Khuskdil Khan Jaswal for help 
during the investigation and to Major H S Anaud, IMS, Professor of PlnsioW 
for permission to work m his laboratory 

Expenses of this research were defrayed by the Indian Research Fund 
Association 
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ON THE FRACTIONATION OF TYPHOID IMMUNE RABBIT 
SERA AND THE EFFECT OF HEAT AND AGE ON THE 
‘II’ AND ‘O’ TITRE OF TYPHOID CONVALESCENT 

HUMAN SERA 


BY 

Captain M L AHUJA, ims, 

Cential Research Institute, Kasauli 

[ Received for publication, May 20, 1931 ] 

The following experiments were designed to see what fraction or fractions of 
rabbit serum was responsible for the phenomenon of granular and floccular agglu- 
tination Pooled sera of typhoid immune rabbits was fractionated with ammonium 
sulphate and the globulins and albumins separated m as pure a state as possible 


Experimentation 

The method employed was that of precipitation with specified concentrations 
of ammonium sulphate After a preliminary observation of Iho i l I 
titre of the sera of three typhoid immune rabbits the 1 agglutinating 

serum pooled A part of this pooled semVwl Tent V'™ Wcd ™ d tI,c,r 

diluted with an equal volume of normal saline To T rIgjdalr< ' aud balance 
added enough saturated solution of ammonium sulplmtr LT™ dlIntcd '™ s 

of the resultant mature to 66 per cent saturation ' The ml 'C 
thoroughly shaken was filtered Tbn i mixture after being 

the • euglobuliu ’ fraction Wh “ ,S]l Pre ° ,p,tete obtained contains 

To the filtrate was then added pnmurb 
concentration to 60 per cent saturation After bel7Tl SUlpIlat<! *° tea S 
filtered — the precipitate now obtained being the • 1? ™ before it was 

The filtrate obtained after the separaln f PSeudo elobubn ’ 
saturated with crystals of ammonium Lphate liTTin gl0b " lm W “ fully 
consults of albumin ’ fraction. P d Ieffltele <l This precipitate 

( 601 ) 
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602 On the Fmchonation of Typhoid Immune Rabbit Seta 



+ + ++> +++, + + , + = decreasing degrees of agglutination 
0 — no agglutination 



j\! L Alntja 


r. on 


The precipitates woie then dissolved m 20 e e of distilled unfei find dialysed 
in pnicluncnti/cd sacs against huge cjunnl Hies oftap-watci foi 7 lo JO fifths When 
ammonia free each fiaction was made up with noimal saline lo a volume equal lo 
that of oiigmal seium 

The above table shows the agglutination tit re of the whole serum and its 
various piotcm fractions 

From the analysis of the lbove tabulated lesult it would appear that- the 
albumin and the pseudoglobuhn fuulion of typhoid immune lablnt seia aie devoid 
of ‘ H ’ and * 0 ’ agglutinins The euglobulm fiaction alone is responsible for the 
gianulai and floeculai 1}pes of agglutination 


Effect of heat and aqc on the ‘ 7/ and ‘ 0 ’ hire of U/phoul 
com alcst ent s m; 

Determination of ‘ 0 ’ agglutination title has nowadays come to be ierogni/ed 
as a valuable aid to the estimation of degiee of linnuinit) and diagnosis of 
disease This is especially tine of typhoid infections in which ‘O’ agglutinins 
are said to be moie closely associated with 1 lie actual disease than 1 H ’ 
agglutinins 

In spite of ceitam limitations this method of diagnosis is becoming increasing!) 
popular, owing to the fact that one examination of serum is said to achie\ e the same 
object as the older method of tluec oi four examinations 

Bruce White (1930), while testing the effect of age, heat and freshness of 
serum on the agglutination titre of aerhyle and cnlcntuhs immune rabbit scia 
came to the conclusion that freshness of serum not infrequently inhibits ‘0 
titre when tested in the usual manner with alcohol treated suspensions of 
bacillr The following experiments w r erc designed to find out the difference, 
if any, m the ‘ 0 ’ and ‘H’ titre of scia of patients who had actual!) suiTcicd 
from typhoid infection and from whose blood, faeces oi mine B typhosus had 
been recovered — 


The other six convalescent sera weie tested aftei they had been hum at 
room temperature for 96 hours Both the heated and tlfe' fresh series showed 
practically the same ‘ H ’ and ‘ 0 ’ titre as when tested on the day of bleeding 
Age up to 96 hours seems to make no difference nr these convalescent sera as 
far as their agglutination titre is concerned Inactivation, on the other 
hand, may have some influence on the ‘0’ agglutinin content Two out of 
the twelve sera tested showed practically no granular agglutination m the fresh 
specimen while the same sera, when inactivated foi 20 minutes at 
exhibited ‘ O ' agglutination up to 1 to 50 Similar tests earned out with immune 
sera of three rabbits showed that neithei ‘ H ’ nor ‘ O ’ „ . , , lle 

beating up to 55»C for 20 mmutes t “'° WnS aflco, «> b > 
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Summary 

1 Tlic euglobulm fraction of typhoid immune rnhbit scnnn is responsible for 
the flocculai ‘ II ’ and the grnnulni ‘ 0 ’ types of agglutination 

2 The albumin and pscudoglobulm fractions me devoid of ‘II ' and ‘ 0 ’ 
agglutinins 

3 The effect of inactivation for 20 minutes at 55°0 and ageing at room 
temperature for 48 to 9G hours was studied on the agglut illation litre of 1 2 tj phoid 
convalescent human sera and thiec typhoid immune rabbit sera No marked 
difference in ‘ 0 ’ or ‘ II ’ agglutination litre was observed in either senes 
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DESCRIPTIONS OF EIGHT NEW SPECIES OF INDIAN 
CULICINE MOSQUITOES 
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Entomologist to the Malawi Sin icy of Imho 
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Uranotaenia hebes sp n 

Description of 2 head covered with broad flat dark-brown scales those 
along eye margins appear pale when viewed m ceitam positions, a moderate number 
of upright scales scattered over the dorsal sm face extending forward nearly to the 
eye margins, the apices of these scales only very slightly expanded Antenna 
about the length of the proboscis, torus pale-brown, darker on inner side , clypcus 
brown, palpi quite short, projecting only slightly m front of clypcus, proboscis 
dark-brown, about the length of the abdomen Thoiax integument of mesonotum 
rather dark-brown covered with narrow brown scales and dark bristles some 
lanceolate pale-brown scales over wmg root and a small collection of white or creamy 
lanceolate scales along margin m front of wmg root, some of which arc fnirh broad 
u no line of flat scales m this position , scutellar scales small, flat, and dark-brow »/ 
as m many other spec.es, anterior pronotal lobes covered with wlnte lanceolate 
cafes with silvery sheen, some broader pale or silvery scales on posterior pro ”oW 
lobes, sterno-pleura, and mesepimeron , about 4 upper and nn » lL 1 
bristles, one posterior pronotal! no secular , moment of 17° TT" 1 ™ 1 
small dark area behind the antenor hn'* '' 1 '?'" 

unornamented, scales dark-brown, fork cells of’ about equal le, tt'h™™ J ” 
longer than in some other species, wmg length a 1 T gt ’ the nntcnor 

knob dark-brown L v dark- bro™ ZaM, unZslZ 1 ™ °‘ 

1 of fore tarsi a little longer than the last four Ln +i f femora P a,er > segment 

little shorter than tib, 8 dtrtm X' ZZT* ’ ° f !' ,nd 

venter pale-brown y dark-brown without maikmgs, 

Two co-type females, Nos 2557 and 2558, are m the M q t „ 
from Nongpoh, Assam, caught in jungle on t J f ® 1 coIIcct,on » Kasauh, 
March 1927 (Brnravd) 3 g the same da T «nd m the same spot 

J, MR , „„„ 
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Itcmcnls this species appears to be neaiest to XJ macvhplcwa Lcio but 
differs m possessing only one small dark area on the pleurae, some pale scales in 
fiont of tlie wing root, shortei palpi, and much less expanded npnght scales on the 
head 


Aeides (Christophersiomyia ? ) ibis sp n 

Description of 9 head flat scaled, dorsal surface mainly covered with black 
scales, a patch of white ones on the nape extending foi wards neaily to the eie 
margins m the middle line, a bordei of white scales to the eyes continued round to 
under surface, a patch of white scales on each side of the head visible in dorsal view, 
below this patches of black and white scales alternate, no upright scales can be seen 
on the nape, the head being retracted against the thorax, ocular bristles black , 
antenna about the same length as the proboscis, torus brown with some white scales 
on the inner side, first flagellar segment with dark scales dorsally, white scales 
beneath, shaft of flagellum dark-brown, hairs black clvpeus dark -brown without 
scales, palpi black, about one-quarter the length of the proboscis, latter mamb black 
with a very distinct white marking nearer the tip than the base, on the underside 
and sides, dorsally it is much narrowed and does not form a very definite ring being 
interrupted with dark scales Thoiax mesonotum with white lanceolate scales 
the broadest of which are chiefly in front of the wing roots and on the sides towards 
the front margin, no dark area m front of wing root, posterior part of disc denuded, 
a few yellowish or brownish scales remain m front of the ante-scutellar space, dense 
bristles over wing roots which appeal yellowish or brownish , scntellar scales broad 
and flat, dark and pale intermixed, those on lateral lobes chiefly dark, on mid lobe 
mainly light , postnotum dark-brown Anterior and posterior pronotal lobes 
covered with white lanceolate scales, those on lowei part of lattei bioad and flat, 
patches of similar broad scales below the anterior spiracle, on prosteinum, larger 
part of sterno-pleura, upper half of mesepimeron, and small patches on co\ae 
Wmgs white at extreme base, otherwise dark scaled, outstanding plume scales 
numerous and long and fairly narrow, wing length 2 5 mm , halteres with pale stems 
and dark knobs Legs anterior surface of fore femur black with a white streak 
on either side near the base and a large white spot m the middle of the apical half 
(continuous with a diagonal w'hite marking on posterior surface), posteriorly dajk 
at base, then a broad white area followed by a broad dark area of nearly equal width, 
on the apical half there is a broad white diagonal marking from the outer side to the 
inner, continued nearly to the knee, outer side dark at apex mid femur black 
except for a broad white marking anteriorly very near the apex , outer side of hind 
femur white except for a black ring at base, inner side white on basal half and 
ventrally to the tip, apical half mainly black tibiae brownish-black, the fore and 
hind pair pale at base beneath most marked on the hind pair, tarsi dark-brown 
with small pale markings at the bases of the first three segments, most pronounced 



P ,J Pin until. 


Oil 


on the hmd leas Tl,a tihmc and ia.s. have, when v.oncd m <wtnin |1 os,1io.i B , a 
palc-yelloiwsl, slier,, AWomcn tables l.lntk will, liavil nlnle bands cm 
segments 4 to 7 not continued to the sides, segments 1 to 7 will kdoi.d wlnte ])of< w ^ 
commencing basalty, those on segment 2 tlic hugest and visible in doiwl x leu , those 
on segments 3 to 7 continued diagonally neaily to the bind margin of eneb tergite 

but not pioduced on to the doi sum, stcimtes hidden 

T> r pe female, No 2556 (unique), m the hi S 1 collection Kasauh, fiom buhnn, 
North Bengal, 24-26 vw 28 caught m jungle (Sobha Paw collector) 

Bewails in gencial appeaiancc and charactei of scaling this species i escmhles 
Aedes (Ch istophcummjia) avmilvostns (Theo ) but differs in tbc ornamentation 
of the legs and mesonotum Unt'I the male has been discos ered it is not possible 
to say whether it should be placed m this subgenus oi m Ftnlaya 

Aedes (Fmlaya) simulatus sp n 

This species resembles Aedes (F ) macdougalh Edu close! \ , but diffeis as 
follows — pxoboscis pale beneath from neni flic base to the tip except foi a dark 
interruption some little distance from tbc apex, base d.uk foi a little less than a 
quartei of the total length, palpi xutlr white sealing at tbc tips onh biml femur 
with a dark interruption m the longitudinal pale line on the inner side In Aedes 
macdougalh the pioboscis is pale beneath on the basal two-thirds, the palpi have 
wlute scaling m the middle as well as at the tip, and the pale longitudinal line on the 
inner surface of the hmd femur is continuous from base to apex 

Description of ? head covered with narrow* and upright scales for the most 
part veiy dark, but there are white scales medianly forming a line from the nape to 
the front of the vertex, a narrow white hoi del to the eyes, and a patch of wlute 
scales laterally at each side, ocular bristles long, appearing r ei y pale w lien \ lew ed m 
certain positions , clypeus daik-brown , shaft of antenna dark-brown, hairs pale 
torus brownish-black with some white scales on the mnci side , proboscis dark- 
brown on upper surface, wdute beneath from ncai the base to the tip except for 
a daik interruption some little distance fiom the apex , palpi between one-ipiartcr 
and one-third the length of the proboscis with white scaling at the tips, othoiwise 
dark-brown TJioiax integument of thorax almost black covered with dark- 
brown and pale-yellow scales, the latter arranged in lines, a median line and a pan of 
sublateral, the latter continued from the front to the scutellmn, a pan of Intel al 
lines commencing at the posterior pronotal lobes, curving over the wum roots and 
terminating at the lateral lobes of the scufcellum, m addition there arc°some pnle- 
yolow scales immediately m front of each wing root, scutellai scales pale-fellow 
broad on the mid lobe, narrow on the lateral lobes Integument of pleurae neaily 

— - — - *■* ^ 
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and below antenoi spiracle, 5 postenoi pronotal bristles apparently no low or 
mesepimeral, all pleural bristles very pale Wings dark scaled outstanding plume 
scales narrowly lanceolate, wing length 3 mm Legs fore femur dark anteriorh 
except along the inner side where there is pale scaling running for nearly the whole 
length, on the posterior surface, as well as on both surfaces of the mid and hind pair, 
there is a distinct pale longitudinal line from base to apex, except that on the inner 
surface of the land pair there is a dark interruption some little distance fiom the 
knee , fore and mid tibiae dark-brown with a pale line running the whole length of 
the anterior surface, hmd pair dark-brown with a broad white marking on the 
underside at the base , tarsi dark-brown with a basal white ring to segment 1, apical 
and basal white rings over the joint between 1 and 2, and 2 and 3, on the hmd leg 
there is also a white ring over the joint between 3 and 4 Abdomen brownish-black 
with narrow silvery white basal bands on segments 2 to 6, widening out into lateral 
silvery patches, segments 1 and 7 with lateral silvery patches only, stermtes brown 
with yellowish basal bands 

Type female, No 2560 (unique), is m the MSI collection, Kasauli, from 
Assam, Haflong, Cacliar Hills, vm 1922, larva from tree-hole {Ban and) 

Aedes (Aedes) ytfsafi sp n 

This species differs m the female from all others of the subgenus known in 
India m having'the anterior pronotal lobes completely covered with silvery white 
scales It has, up to now, been confused with Aedes (Aedes) indicus (Theo ) with 
which it is found m association, and the two species resemble one another ill size 
and general appearance There are, however, constant differences in markings and 
m the structure of the genitalia Both tarsal claws on all the legs are toothed as in 
Aedes (Aedes) um founts (Theo ) 

Description of $ head mainly covered with flat brownish-black scales, a patch 
of white scales m the middle of the vertex in front extending forwards between the 
eyes, a patch of similar scales at each side of the head just visible m dorsal view, 
apparently no upright scales antenna about the length of the proboscis, torus, 
shaft, and hairs dark -brown, clypeus, palpi, and proboscis brownish-black, palpi 
about one-fifth the length of the proboscis Thorax integument of mesonotum 
and scutellum brownish-black, scales rather lighter m colour especially at the sides 
and on front margin, scutellar scales narrow and golden-brown , integument of 
pleurae black, anterior pronotal lobes covered with silvery white scales, patches of 
similar scales behind anterior spiracle, on upper and lower parts of stemo-pleura, 
upper part of mesepimeron, and on prosternum and coxae, posterior pronotal lobes 
apparently unsealed, postnotum and knobs of halteres nearly black, stems of latter 
pale-brown , 6 posterior pronotal bristles, about 15 upper mesepimeral but none on 
the lower part of this sclente Wings dark scaled, outstanding plume scales narrow , 
wing length 2 7 to 3 mm Legs femora mainly yellowish-brown, tibiae and tarsi 
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brown Abdomen tergites almost black with latlici large basal lateral white 
patches extending on to the doisum but not forming complete bands, 1st tergite 
entirely dark, sternites with basal white bands and apical dark bands of about equal 
width Hypopygnmi (Plate XXXVI, fig 3) atrium and associated chitim/ations 
comparatively small compaied with the size of the cerci, post-genital plate a single 
lobe, not usually emaxginate at the apex (m one specimen out of five examined 
it is slightly emargmate), cowl with a lobe on each side and a marked median 
depression 

Type female, No 2555, is m the MSI collection, Kasauli, from Delhi, Dosha- 
nara Gaidens, iv 1914 ( S It Chnslopheis), also 15 other females taken at the same 
time and place , one female from Amritsar, Punjab, vm 1910 (S It Christophers ) , 
one female from Karnal, Punjab, vm 1928 {Bail and) 

I have named this species aftci Mohamcd Yusaf, Laboi atory Assistant, who 
drew my attention to the structuie of the genitalia when making a large 
number of preparations for me 


Aedes (Aedes) agrestis sp n 

This species resembles Aedes (Aedes) hvsuhpkura Banaud, both in markings 
and in the presence of numerous bristles and hairs on the mesep, moron, but the two 
species are distinct m the structure of the genitalia 

Description of ? head mainly covered with almost black flat .calcs a xen 
narrow pale border to the eyes and a patch of white scales at each side just visible 
in orsal view, a few upright scales on the nape , antenna about the length of the 
proboscis, torus brown, darker on inner side, shaft of antenna black, clJcus dark 

Srssrjas- 

w.th a few reddish-brown „mow Ilf V ? mar 8»> • Vellum dark-l.roan 
with pale steins and dark knobs as m manv°ot'l 10 ™ ™ tIler ! ' s,,tcr -bro\\li, knlteres 

patches of pale flat scales on part „ *"“**.'*»» lull, 
epimeron, anterior and posterior pronotal lobes n0 ‘ plcura “ nd » middle of mes- 
postenor pronotal bristles and « “ t " ,hoUt *">“• 5 

covering the larger part of the mesepTm I0 „ 7 ""TT ta " U “ 

(Barrand, 1928), on the sterno-plenra there are an T 1? Barr 

point opposite the lower corner of the mesen W ° f >mtlcs ™ d sc,,les " 
standing pinnae scales lanceolate, tTCSSTT ** *»«• «*■ 

pae beneath Abdomen tergites black mtk small 1 Pf daik ' bro '™> femora 

sars. A s,r,*r; •• - 
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Type female, No 2553, is m the M S I collection, Kasauli, fiom the Nilgin 
Hills, i\ 1915 ( Khazan Ghand), one other female flora Nngaigoh, Bombm , 
Deccan, viu 1921 (Ban and) 

Aedes (Aedes) clavatus sp n 

Tins species is veiy distinct m the structure of the genitalia from an) oilier 
known Indian species 

Description of 6 head mamlv covered with dark-brown flat scales fbo'C 
along the eye maigins and at the sides light-brown (not white as in many other 
species), fanly numerous upright scales on the nape antennal hairs dark -brown oi 
black, shaft veiy pale between verticils, torus blown, dajkei on mnei side, cl} pens 
brown, palpi and proboscis dark-brown, palpi exceeding the clypeus b} a little 
moic than its length and about onc-sixth the length of the proboscis Tltoruj 
mesonotum chestnut-brown with a slight leddish tinge, fairly numeious black 
bristles, scutellai scales spaise, nairow and dark-brown, postnotum lathei hghtei- 
brown than the scutellum , integument of pleuiae lighter-brown than the 
mesonotum, anterior and postcrioi pronotal lobes apparently devoid of scales, some 
patches of broad, flat, pale scales on the upper and lower parts of the sterno-plcura 
and on uppei part of mesopmreron, G postenor pronotal bristles, 10 strong upper 
mcsepimeral, G smaller aiianged m a row extending dowmvaids and within the 
patch of scales T Vivqs dark scaled, outstanding plume scales fairly broad but few 
in number, wing length about 2 8 mm Legs daik-brown, femora paler Vcntrallv 
Abdomen dorsally biownish-black with small basal lateral pale patches not produced 
on to the dorsum, ventci pale-biown Jhgpopygwm (Plate, XXXVJ, figs 5 to 8) 
the coxite (side-piece) terminates in a short finger-bke piocess on the dor®al side and 
there is a pointed piocess below the apex ventrally, style (claspcr) arising from 
the inner side of the coxite some distance below the apex, chitim/ations of pioctiger 
(anal segment) represented by two arm-like processes, one longer than the other, 
both slightly clubbed and truncated at the tip 

T\ pc male, No 2197, and two othci males, are m the M S I collection Kasauli, 
all from Sukna Noith Bengal, 24-29 vm 3928 ( SobJia Bam collector) 

Aedes (Aedes) abditus sp, n 

A small blackish species which can onl} be identified with ecu faulty by 
examination of the genitalia In the structure of these paits, and in the 
presence of toothed hind flaws, it most nearly resembles Aedes ( Aedc s) nmjormn 
(Tin o ) 

Desc upturn of S' head main)} tovued with dajk-biown, flat srales, a nanow 
border of pale scales (o the C}e margins and a patch of similar ‘■cabs at each side, 
a few upright scales on the nape ton and cl} pros biown, flagellum of antenna 
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black, the tip teaching some little distance beyond the end o the piobo is . 1 ■ 1 
and proboscis daik-biown, the toimci about one-fifth the length ol the to. 
Tim at mesonotum and scutellum biowmsh-blnck, denuded, postnotum black, 
stems of halteics pale, knobs black , plemae daik-lnoun u.th some pale flat su. cs 
on uppex pail of stci no-plcm a, a patch of similar scales in the middle of ilie 
mesepimeron, the lower pait of this scJcute without bustles or scales d long poslei lor 
pionotal bustles Wings with biown scales, outstanding plume scales lather 
narrow, wing length 2 G mm Legs daik-biown, fcmoin pale \entulh , c law s of hind 
taisi toothed Abdomen teigitcs almost black, lighlei at extreme Intend edges, 
but theie aie no distinct pale patches, ventci bi ow n 11 ypopifgtinn the appearance 
of this is shown in Plate XXXVI, fig d This may be compared w lth flic diav. mg 
of similar parts of Acdcs {Acdcs) itmfomns (Thco ) pieMoush published ill this 
Journal (Bariand, 1928) 

Type female, No 2192 (unique), is in the M S 1 collection, Kosauli, fiom 
Sukna, North Bengal, 24-29 vin 1928 (Sobha Bom collect oi) 


Aedes (Aedes) comatus sp n 

This species leseiubles Acdcs {Acdcs) hisuhpleina Ban.uul clo^ch m maikmgs 
and m the piesence of a fan number of bristles on the lowei pait of the mesepimeron, 
but these are less numeious, and theie aie diflei dices in the stmctuie of the 
liypopygmm 

Description of $ head mainly covered with brownish-black fiat scales but 
there is a narrow bolder of pale scales to the eyes widening out into a fnnh large 
patch at each side ]ust visible in dorsal \iew, fairly numeious upnglit scales on the 
nape, no pale scales m the middle of the veite.x , antenna a little shortei than the 
proboscis, torus biown, daikei on mnci side, flagellum black , cl} pens, palpi and 
proboscis dark brownish-black, palpi about one-fifth the length of the proboscis 
Thoutx integument of mesonotum and scales deep chestnut-brown a few bghtci 
scales round the anterior margin, scutellum dark-bioivn wirli a r rw golden-brown 
narrow scales, postnotum lighter-brown than the scutellum, knobs of lialtercs i on 
dark, stems pale , pleurae lighter-brown than the mesonotum, patches of flat white 
scales on upper and lower parts of stemo-pleura, m the middle of the mesepimeron 
and on coxae, very few if any, scales on antenor and posterior pionotal lobe^ 
6 posterior pronotal bristles, about 10 bristles just below the patch of scales on the 
mesepimeron but not continued to the lower bordei of the scientc Wings dalle 
scaled, outstanding plume scales rather narrow, wing length 3 4 mm Leas duk- 
brown, femora pale neutrally Abdomen tcrgitcs toowmsh-black ruth 1„,“ ,1 
u into patches commencing basally and not piodnccd on to the dorsnm si , 
almost completely hidden, but apparently with basal wile h, n ,u 
(Hate XXXVI, fig 2) p„st-ge„i£, ptoi with^— X 2F5SZ, 



G 16 Descnphons of Eight New Species of Indian CuUcine Mosquitoes 


(differing from that of any other known Indian species), atrial plates fairly huge 
and rounded 

Type female, No 2191 (unique), is m the MSI collection, K a saiih from 
Sukna, North Bengal, 24-29 vm 1928 ( SobJia Ham collector) 

REFERENCE 

The Indian species of the snbgcnern Skusca and Acdes, 
with descriptions of eight new species, and remarks 
on a new method for identifying the females of the 
subgeniis Acdes hid Jour . Med Res , 16, 

pp 357-375 (eight plates) 


Explanation of Plate XXXVI 

Camera lucida drawings of the genitalia of new species of A ecles (. Acdes ) 
Figures 1 to 4 drawn to the scale shown under Fig 3 Figures 5 to S drawn to 
the scale shown under Fig 5 

Fig 1 Aedes (Aedes) agi estis sp n female Appearance of the genitalia from 

beneath 

„ 2 „ „ contains sp n type female ditto 

„ 3 „ ,, yusafi sp n female ditto 

„ 4 „ ,, abdihis sp n type female ditto 

„ 5 „ ,, clavatus sp n type male Dorsal view of the genitalia 

„ 6 ,, „ „ Phallosome and associated chitmizations , flat 

preparation 

„ 7 „ ,, ,, Chitmizations of proctiger (anal segment) , flat 

preparation ’ 

„ 8 „ ,, ,, Coxite (side-piece) and style (cJasper) , flat 

preparation 


Babraud, P J (1928) 
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During the last year or two with the view of obtaining a plentiful and eon 
stant supply of Anoplieles mosquitoes for mfectivity experiments an attempt was 
made to keep a culture of A siephensi going m the laboratory and tins effort at 
first met with some success , later on, however, the larvae failed to dc\ elop propcrR 
and I therefore decided to study the breeding habits m nature of all the common 
Anophehnes in Calcutta, and this study lasted from March to August 1930, a period 
including the dry and the rainy seasons 

Present-day Calcutta is very extensive coveung an area of 28,086 acres and 
can be roughly divided into three zones the city propel oi the central portion , 
the peripheral or marginal zone formed by recent absorption of suburb*, an increase 
of about 60 per cent over the former area, and about 20 per cent of the populnf ion 
and an intermediate zone which before the extension just mentioned lay on the 
border zones of the old city This division is quite arbitrary, there being no sharp 
lines of demarcation between these aieas, as one merges into the other The central 
portion is quite dry as the drainage system is up to date In the marginal areas 
there are yet water-logged places, and it will take many years to bring this area to 
the same standard of sanitation as the central portion In the intermediate zones 
the conditions are intermediate between the other two areas 


There are two systems of water Supply in Calcutta The iiltcied watei foi 
cooking, drinking and bathing purposes is usually stored m masonry vats on the 
ground and the unfiltered or the dirty water, which is the silt-laden water of the 
River Hooghly, need for flushing privies and foi garden purposes, is mvamblv 
stored m galvanised iron cisterns placed oil roofs of houses , the lid if thci r is 
may be kept closed but it may bo broken or not utilized and lienee the v. ator i, left 
exposed Besides this water, there are seme well-kept tanks throughout the u hole 

( 617 ) 
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city Ou the other hand, there are still man} 7 ' tanks and ponds m the peuplieral 
or marginal zones which are mostly neglected and typical of those that exist m 
many Bengal villages 

The mosquito fauna changes as one proceeds from the central to the marginal 
zone In the central portion one usually obtains A slephensi and to a less extent 
A subpictus and A vagus In the marginal zone there are A subpictus and 
A vagus piedommating oxer A slephensi besides these the following other 
species may be found sinensis , baibiioslns, fuhginosus, acomtm, funcstvs, 
thcobaldi* (Stockland and Choudhury, 1920) 

Permanent breeding sites 

Oveihcad tanks — Ivengai (1920) was the first to point out that the ovcihead 
cisterns, in which the unfiltered water-supply is usually stored, haibour slephensi 
lax vie and that the silt m the water is not mimical to their growth These cisterns 
foim the peimanent breeding places of this species and they can be found at any 
time throughout the whole year in at least one out of three defective cisterns its 
other fa\ouiite habitat is the masonry vats constructed by builders for soaking 
their bucks 

Ponds and (aids — Although the tanks are well kept they are full of aquatic 
plants and hence at times fuhgvnosus can be found There is one long crescent 
shaped tank in the Eden Garden full of weeds and lilies, the edges of which are 
grassy and after many caieful searches ftdiginosus was found both during the dry 
season and during the rains in addition to slephensi As one approaches the out- 
skuts of the city one finds tanks and ponds full of duckweed, and these tanks harbour 
nothing but fuhginosus , while m comparatively cleaner tanks with then inevitable 
grassy edges a small number of acomlus and funeslus with sinensis and barbiroslris 
can be found 

Drains — On the outskirts of the city there arc open earth drains wheie usually 
millions of C f align n s and D oblmbans are commonly found, and every now and 
then a sprinkling of subpictus 

The above sites one may say, constitute roughly the permanent breeding 
places of the anophelmc mosquitoes of Calcutta 

Temporary breeding places 

Dining the rams tempoiary hi ceding places make their appearance, an account 
of which has been given In Basu 1930, and m these slephensi, subpictus and vagus 
are frequently met with and in a numbci of tanks and ponds subpictus , while 
subpictus along with Culicmes are found m earth diains and also at this season a 
fair number of slephensi In the small ram water puddles, in the parks and maidans, 
A tagus and A subpictus are mostly found In recent earth excavations if the 


Onh one specimen has been recorded hi SfnoJJnnd and Cliondhtirt 
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watci is clean slcjihcnst is found in veiy Imgc minibeis and if Hie wnlei is niudd) 
subpicliis and vagus 

In the numcious ficsli puddles that fonn lempoiniily duiing (lie di) season 
aftei a sliowei of lam Stephen si is found, but if the walei is foetid sitbpiclus with 
Culicines and m some instance also Stephen si aie eneounleicd 

Out of the seveial species of Anophclmes mentioned above, Stephen si is tlie 
only dangerous species that biccds in the cit-v piopei and hence observations will 
be confined on the bxccdmg habits of this species alone 

Food or 'inn lapvx 

Of the various pl^sical factois which contnbutc to Hie glow Hi of mosquito 
laivas the most important is the nature and charactei of the food supph Lnn.o 
are provided with mandibulate mouth-paits and then food may lie of the u.it m e of 
hard oigamc substances Some of the natuial bleeding places of sl< pltcnsi were 
examined physically and microscopically and the food mateiial present was found 
to be of the nature of green algae and oigamc substances, eg dust bits of dried 
leaves, dried grass clay, bits of cooked meat, bicad dioppings of uows and bird 5 
etc Protozoal organisms w’eie commonly found in the watei but not always 
In a number of overhead cisterns containing laivte no tiace of any food material 
could be found m the water on examination, except the silt, carried with the water 
and deposited at the bottom With a view r to determine how far the nature and the 
character of the food material can influence the growth of s tephensi lai \ rc the follow - 
mg observations were carried out in the dry and also in tire rainy seasons 

I The relation of food to the gioivlh of laivce in the dry and in the lannj 
seasons as obseivcd in ovcihcad cisterns 

The nature of the food present in the w T ater w r as obseivcd and the period 
occupied by the larvae to develop into pupte was studied In the oveihead 

cisterns placed on roofs of houses the depth of water was usually from a few inches 
to five feet t 


Dry season 


Tank No 

Period 

Number 
of days 

Food 

i 

28 4 to 12 5 

15 

Deposits of green nlg-c at. (ho 

2 

28 4 to 15 5 

17 

sides, Mater elenn, deposit of 

3 

28 4 to 1C 6 

19 

silt at the bottom, drj len\cs, 
dead insects floating on tho 

4 

30 4 to 20 5 

21 

surface ° luo 

5 

30 4 to 15 5‘ 

’ 10 


6 

30 4 to 20 5 

20 
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The time taken by the larvae to pupate m the dfy season, when the food 
consisted mostly of green algae, was found to range from 15 to 21 days 


Tan], No 

Period 



Number 
of days 

Food. 

7 

27 4 to 18 5 

23 

Water muddy, deposit of silt 
at the bottom, no apparent 
food material present on the 

8 

15 5 to IS 6 

34 

surface, tank shady, no proto- 
zoal organisms present 

0 

15 5 to 15 0 

31 


10 

15 5 to 12 6 

28 


11 

19 5 to 11 6 

23 


12 

6 5 to 28 6 

l 

22 

i 



In the same season these larvae, deprived of their proper (?) food, were observed 
to occupy a period of from 22 to 34 days to change into pupae 


Tank No 

Period 

Number 
of days 

Food 

13 

25 4 to 8 5 

14 

Water clean, tank ivell shaded, 
bits of raw meat, straw, 
bread, dead insects, and 

11 

25 4 to 9 5 

15 

other organic substances were 
found floating on the surface 

15 

25 4 to 7 5 

13 


16 

30 4 to 16 6 

17 


17 

30 4 to 13 5 

14 


18 

7 5 to 19 5 

13 



The minimum period during the dry season taken by these larvae to pupate, 
as will be found from the above, ranged from 13 to 17 days when there was 
abundant food material, of the nature of organic substances, present on the 
surface 
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With these figures may be compaicd those cifcd below, which show the 
period of larval life duiing the miiiy season, the chaiaclci and Ihe nature of the 
food being as above 


Tank No 

Period 

Number 
of dnj 8 

1 ood 

19 

4 8 to 15 8 

! 

12 

The nnture of the food present 
was t lie finmo as in Tanks 
1 to 0 

20 

4 S to 17 8 

14 


21 

4 8 to 14 8 

11 


22 

13 8 to 24 8 

12 


23 

13 8 to 25 8 

13 



Tank No 

Period 

Number 
of dnjs 

Food 

24 

4 8 to 19 8 

10 



25 

7 8 to 20 8 

14 


The nature of t he food present 
"as the same ns m Tanks 

20 

10 8 to 27 8 

12 


7 to 12 

27 

16 8 to 29 8 

14 

/ 


28 

7 8 to 16 8 

10 



29 

30 

7 8 to 16 8 

10 


The conditions \*crc identical 
uith those of Tanks Id 

13 8 to 23 8 

11 


to 18 

31 

13 8 to 23 8 

11 
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From the above it will be seen that laivae take a much shorter time to pupate 
during the rainy season than m the dry season and when the food material lies at 
the surface 01 very near to the surface lather than at a depth of say 3, 4 or 5 feet 
The larval period takes about 13 to 16 days m the dry season, while this period is 
reduced to 10 to 11 days m the rainy season 

So far the character of the food substance as affecting the growth of stephensi 
larvae in the two seasons m their permanent breeding places has been dealt with 
In the temporary breeding aieas the method adopted to study the laival giowtli 
in pools during the lamy season w as to keep watch for the first appeaiance of 
laivae two to three days after a heavy shower of ram During the diy season 
larvae weie transferred from some natural breeding sites to a ditch artificially 
made for the purpose The period of growth m the two seasons wais observed 
as follows — 

Dry season On an average from 10 to 11 days 

Rainy season On an average from 7 to 9 days 

II The i datum of food to the gioivth of laivce as obsei ved w specially made 

galvanized non cisterns 

Galvanised non tanks were made to order resembling the overhead cisterns , 
they weie filled up from 3 to 4 feet with the same unfiltered silt-laden water as w T ns 
found m the overhead cisterns, and the chaiacter of food and other factors m influ- 
encing the growth of larval was studied The larvae were collected from othci 
sources and placed in the tanks 


Left in the sun uitliout any covei and the watei not lenewed 


Bitcb 

Tank 

Period 

Number 
of davs 

Pood 

I 

\ 

2 5 to 16 

29 

Dry leaves, grass, dead mos 





quitoes floating on tho Bur 





face scrapings from roofs of 





houses at the bottom 


D 

2 5 to 5 G 

1 

34 



C 

2 o to 12 6 

41 


1 

D 

| 

2 3 to 17 3 

All dead 




7 ) N Roy 

Lrfl w the shade flow noon ovwnds 
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Batch 


II 


III 


TV 


V 


Tims it is 
water the more 


Tnnlv 

Period 

Nmnbei of 
dnjs 

J OOfl 

A 

G 0 to 17 0 

MI dead 

The nnturf of food uns (lie 
t t»nu. ns nltow, plus inn««, 
dteimd Icmcs Mntn (Ik a 

B 

G G to 2 7 

27 

nit into lots, ct( , Hire 
dropped m 

C 

13 G to 17 7 

n 


D 

17 G to 1G 7 

12 


A 

18 G to 12 7 

31 

Do phis mud from s on)f < (n , 
)iornn breeding cites plneed 
nt lioltoin until rcriwtd 

B 

2 7 to 28 7 

27 

frequent h 

C 

IS 7 to 19 7 

30 


D 

IS 7 to 12 “ 

25 


A 

13 7 to 22 7 

10 

1 ood ns in Batch 111 except the 
depth of wnter reduced to n 

B 

13 7 to 22 7 

11 

feu inches mid the untcr 
renewed \cr\ frequent 1\ 

C 

20 7 to 29 7 

10 


D 

30 7 to 8 8 

9 


A 

24 7 to 2 8 

10 

f>o Do 

B 

24 7 to 18 

9 


C 

30 7 to 7 8 

9 


D 

T\T\0 VArv 

8 8 to 17 8 

X. _ 

10 
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Numerical strength and mortality 

The effect of crowding of lame m an overhead cistern was studied by 
placing a large numbei of larva? of the first instar, as determined by their 
size, m tanks A, B, C and D Side by side with these observations the rate 
of mortalitv was also studied 


Batch 


The nature of the 
food was the same 
os in Batch I- 
of the oxpenment 
mentioned abo\e 


The nature of the 
food was the same 
as in Batch II of 
the experiment 
mentioned above 


Tank 

The number 
that pupated 
out of the 
hundred larva? 
added 

Mortality 
per cent 

A 

2 

98 

B 

2 

98 

1 

c 

4 

96 

D 

0 

►— » 
o 
o 

A 

0 

100 

A 

B 

6 

94 

C 

8 

92 


It will thus be observed that the mortality of larvae was found to be very 
heavy It was thought that the available food was not enough for so many larva; 
Hence some mud from a pool, where a very large number of larva? was found 
v as added to the tanks and similar observations were continued 


The nature of the 
food has past been 
stated 



The number 
that pupated 
out of the 
hundred larva? 
added 

Mortality 
per cent 

14 

80 

7 

93 

13 

83 

24 

70 
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Even with the mciease of food material it was found that larvae cannot stand 
overcrowding, at least in permanent bi ceding places, 1 o any great c\tent 

On the other hand, in marked contrast to what is usually found m overhead 
cisterns, a small ram water puddle can contain a very large number of lame m 
comparison to the size of the pool and m the latter situation the mortality was found 
to be much smaller The observation to determine the r.ite of mortality in rain 
water puddles was carried out nr a ditch during the rainy season This was filled 
up with ram water and in it one hundred lnivac were placed, those that pupated 
being counted In this way the mortality in temporary breeding places was found 
to vary from 57 to 65 per cent 

Normally one never comes across any overhead cistern which contains a very 
large number of mature larvae at one time, as m course of their development a very 
large number succumbs On the other hand, m temporary breeding places, ns m 
pools, such increase is very marked , m fact an overcrowding is always noticed 
Absence of suitable food is probably the only reason to account for this marked 
difference m the rate of mortality as obseived m temporary and permanent breeding 
places Though larvae will often be found to dive to a depth of say 3 to 5 feet 
below the surface they cannot make use of the abundant food that may be at the 
bottom of this depth of water On the other hand, the depth of ram water 
pools is usually a few inches to a foot and thus the lanae can easily utilize the 
food to their benefit 


Effect of sunlight on thr growth oi larva 
It has been observed that in the vats which are constructed b) builders for 
soaking their bricks and which are often exposed to the sky and to sun s ra) s 
throughout the whole day, subpiclus predominates, provided there is shelter for 
the larvae If there is no shelter probably no larva will be found On the other 
hand, there are sites, a portion of which is exposed to the sun only for sometime 
m the day Stephens ? are more numerous than subpiclus m these places The 
same state of things is observed m ornamental cisterns m the gardens and also m 
masonry cisterns on the ground for storing filtered water, where larvae arc often 
found during the ramy season The best place for finding Stephen si during the 
dry season is a collection of water the whole of which is ne\ er exposed to the sun 
all day only a portion being so exposed, the water thus remains quite cool 
During the rams, on the other hand, a large number of larvae can readily be found 

m cisterns, vats, ram water puddles, empty tm canisters, etc , which arc exposed 
to the direct rays of the sun i tu 


KATNFALL A!NTD HUMfDITY 

fro I,’ 3 ™ “ nd *■ ,S 

j, ME tme du ™8 Mason when it is 

18 



62G 


The Nairn al Bleeding Habits of A stepliensi 


most humid m other words they grow best at a time when the days aie unrni 
and there are frequent drmzles Such a condition is found during the height of 
the monsoon and this corresponds with, the time when laivae take on an average 
from 8 to 10 days to develop mto pupa? 

It has further been observed that even in absence of any apparent food 
material, larva? glow very rapidly when exposed to the rams Besides being 
present m pools and m ditches, larvae will often be found m wooden troughs, in 
broken pans, in iron tanks, m broken buckets, etc , during the rainy season It is 
difficult to guess the nature of the food larva? obtain m these places but in spite 
of the paucity of food they are seen to thrive rapidly 

Small larva? just emerged from eggs and all apparently of the some age v ere 
noticed m tv o receptacles side by side one receptacle was removed to the labora- 
tory and the other kept where it was exposed to the rams It was found that m 
the former it took 22 days for the first pupa to appear, while m the latter the period 
was 8 days 

Miscellaneous factors 

It has been suggested by Covell (1928) that A steph&nsi requires fresh water, 
preferably constantly renewed to breed in and that it will not breed m foul or 
stagnant water, thus differing conspicuously m its habits from the harmless 
A subpiclus A careful suivey of many of the Calcutta cisterns has revealed the 
fact that very few larVao can be obtained from cisterns which are m good 
order, meaning thereby that the water flows out of these cisterns, whether 
the latter are provided with lids or not It is only from unprotected or 
insufficiently protected and stagnant cisterns that most of our catches have been 
obtained Furthei the relation of food to the growth of larva? was studied in 
these cisterns 

Although Stephens ? do not usually occur m foul water, during the monsoon 
when there is a great tendency for the mosquitoes to propagate their species m a 
short time, larva? have on many occasions been found in. open earth drams contain- 
ing foul water and at times m sewage contaminated water, breeding along vilh 
A subpiclus, C faligans, D oblmbans and piobably one or two other species of 
Culicines 

In connection with the breeding habits of A slephensi of Bombay, Covell lias 
remarked that frequent disturbance of the water, such as is produced, for instance 
by draw mg water from a well by means of a bucket, will not prevent breeding 
The writer endorses these remarks as lie has had a similar experience in Calcutta 
The overhead cisterns, in which these observations have been carried out, were not 
only unprotected but the w'atcr was not flowing The people were frequentl) 
found using this water for washing and for other purposes during the time the 
filtered water ceased flowing, i c , from about 10 A m to 3 p m The} were found 
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refilling the cisterns by keeping the ball m the cistern pressed down H i the Inttcr 
were nearly full Although the water was thus frequently disturbed, torvio at 
all stages could usually be found m them unless there was pi olonged overflowing 


Conclusion 


From the foregoing it will be evident that it is needless to exaggerate the piout 
importance of the influence of external factors on the development of mosquito 
larvfe Besides climatic and atmospheric conditions the nature and the character 
of the food matenal undoubtedly exert the greatest influence Although Stephen n 
larvee will often be noticed to dive down to a dcptli of 4 to 5 feet and as Co veil 
remarks even 20 feet, indeed probably to any depth, they cannot make use of 
the food that may lie at the bottom unless the depth of water m which the htnro 
thrive is a foot or less They are surface feeders and when the food is present on 
the surface or very near the surface, they grow 7 rapidly 

The nature of the influence exerted by direct rainfall on larvae, hastening their 
growths, even when there is a great paucity of food material, is a matter wlmli 
requires investigation 


It is likely that stephensi is essentially a rainy season mosquito the temporary 
pools that make their appearance during tins season foim the true habitat of 
this species, while to tide over a critical time like the dry season the nature of 
the breeding place is completely altered, though tins is much less suitable for 
their growth 

It is quite clear that nature has so arranged that mosquitoes, at least 
A stephensi, propagate their species at a time not only when the sin face for 
breeding is considerably increased hut also wdien other physical factors favomnm 
their growth are at their optimum , it is then that their mimcncn] strength is 
at its maximum and the mortality is at its minimum 

The drainage system, also the water works of Calcutta, are recent innovations 
say a little over 100 years old Formerly the source of water for all purposes was 
from ground wells and every household used to possess at least one With the 
extension of modern systems of water supply these wells have been completely 
closed down It is notmerely a surmise to say that those wells formed the breednm 
places of stephensi and with their gradual disappearance, these mosquitoes have 
taken to an altogether different habitat 


, --fought necessary that a campaign against, A stephensi is to be 
started m Calcutta its breeding habits should be first studied on a larger scale 

t “dy sMd f ■**« indiscriminately ^ 

been already said it will be seen that the period of the growth of larva fion, its 
emergence from the egg to its metamorphosis into pupa vanes * , 

with the season but also with the natae of the food material present, elvlLent,' 
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temperature, humidity and other factors A study of the breeding habits will at 
once show at what intervals m different seasons a particular breeding site has to be 
attended to \\ ith a view to the eradication of this species and this will materially 
cut down the working expenses 


REFERENCES 

Iyengar, MOT (1920) , Ind Jour Med Tits , Special Indian Science Congress 

Number 

Striokiand, C , and Cho w dhijr y , K L Ibid , XV, 2, Oct 

(1920) 

Base, B C (1930) Ind Med Qaz , LXV, 4, April 

Covele, G (1928) - ‘ Malaria m Bombay ’ 



Ind Jour Mod Res , XIX, 2, October, 1931 


ON THE OVULATION ON A STEPHENS!. 

BY 

D N ROY, MB, d t M (Cal ), 

Assistant Professoi of Medical Entomology m the School of Tropical 

Medicine, Calcutta 

[Received for publication, June 8, 1931 ] 

It was thought that one way to determine the preferential feeding linhif s of one 
species of Anopheline, a reputed malaiia carrier, for the blood of man or anj other 
animal, would be to compare the number of eggs laid after the insects hn\c fed on 
the blood of man and other animals and then to observe if the progen) arc m any 
way altered m tlieir natural taste for human blood 111 tins connection other 
conditions relating to ovulation were studied 

The mosquitoes experimented with were A slcphcnsi and v, ere mostl) bred 
out or reared m the laboratory 

In the laboratory the number of eggs laid by a single female after one blood 
meal, when fed on different animals, was first obseived and seasonal \nnation in 
their number, if any, was noted as follows — 


(The figures w brackets indicate the number of batches of cygsfiom nhtch the aicragc 

numbei has been calcidalcd ) 




Wiiel FED Oh 

TJir BLOOD 01 



Man 

Rabbit 

Guinea pig 

Rat 

Dry season 





Maximum No 

93 

87 

90 

101 

Minimum No 

25 

73 

59 

09 

Average No 

f36) 49 

(5) 83 

(0) 77 

(7) S3 

Rainy season 





Maximum No 

94 

100 

99 

104 

Minimum No ' 

22 

09 

7i 

59 

Average No 

10, 45 

(7) 80 

(G) 81 

(G) S7 


( 629 ) 
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Clialam (1927) observed in connection with the attempted mating of anopheles 
with culex that though the ovum developed and some mosquitoes even laid eggs 
after feeding on blood without fertdization, such eggs did not hatch out Hence 
it was necessary to find out if the eggs laid by an individual female when fed on the 
blood of different animals were fertilized or not 




When eed on 

THU BLOOD OF 



Man 

Rabbit 

: 

Guinea pig 

Rat 

Number of eggs laid by a single 
female 

87 

75 

85 

101 

Number of eggs batched out 

84 

70 

83 

| 

94 


Hence it will be seen that no appreciable difference could be found m the number 
of eggs laid bv a female when fed on the blood of animals such as rabbit, guinea-pig 
and rat, and the average number of eggs, when the adults were fed on these animals, 
was found to be almost the same in the two seasons The average number of eggs, 
on the other hand, when the adults were fed on the blood of human being, has been 
observed to be very low m fact the number was found to be almost half of the 
other figures It is difficult to explain this low average m both the seasons unless 
a large number of experiments are done 

Eurthei, the eggs were all fertile as almost all of them hatched out 


Temperature 

The effect of low temperature on ovulation was first observed It was 
found that the number of eggs laid by a batch of adults when kept m a 
temperature of 24°C compared favourably with those laid m the usual atmospheric 
temperature 

The effect of temperature on the hatching of stephensi eggs was next studied 
When the eggs were left m water for from 96 to 120 hours m a room having a constant 
temperature of about 11°C , they were found to retain their viability, as all of them 
hatched out when left on the laboratory table at ordinary room temperature for 
about 12 hours , but a similar exposure to the same low temperature for 164 hours 
was found to kill them altogether 









Desiccation 


The resistance of eggs against drying was studied on eggs collected on pi 
wet filtci paper, the utmost eaie being taken not to damage them m any way w n a 


picking them up 


Nature of desiccation 

Eggs hatched out after 

1 gen did not hatch out 
after 

Wet filter paper, remaining moist all tlie 
time in a scaled tube, kept on tlio labora- 
tory table Temperature varying from 
SO 0 to 105°F 


3 diijn 

do do , kept in a temperature of 11°C 

Usual!} % hours Maxi 
muni period 120 hours 

lit hours 

do do , kept in a temperature of 24°C 


90 „ 

Moist clay, left on laboratory table 


48 „ 

Wet cotton-wool and left on laboratory table 


48 „ 

do do , left in a temperaturo of 11°C 

90 hours 

lit , 

On tlie side of a porcelain crucible, earthen 
pot, test tube 


3 hours in e\crj cn c c 


Clxalam (1927), on the other hand, found m Bombay that stcphcnsi eggs were 
viable after 12 days of desiccation when they weie left on di edged mud fiom the 
haibour and dried m a caid board box in the room temperature 


Mating 

The following observations were made m connection mill the mating of 
stephensi mosquitoes In these cxpeiimcnts twelve males and the same number of 
females were let loose and kept confined foi 24 hours Aftei this period the 
tomales weie captured and kept m a lamp chimney for 4 to 6 dai s , they v\ ere then 
dissected and the ovaries were examined to find if they were impregnated 

(1) In a test-tube 6" x , no mating 

(2) do do 7" 

(3) In a glass jar 3J' 

(4) In a cage (?,) gi' 

(n) 16" 


(5) In a mosquito curtain 


X 1 1" , no mating 
X H " , I impregnated 
X 61" x 51" , 2 impregnated 
X 12 x 8 1 , ,4 impregnated 


'I'i' X 6' x 6' , G impregnated 


and “ T 8Mte *** 

that are l*el y to be nnpre^atod ' ? P ’ «« “ 0T « rmmbex of femnlos 
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Piogeny of dijfeient sticivns bed chit 

It was desired to find out the number of eggs that were laid by an individual 
female, the progeny of adults fed on the blood of diffeient animals For this 
purpose males of one strain were left confined with fed females of another strain 
and the number of eggs laid bj r the females was noted as follows — 


Progeny of 

a female fed 

on 

rabbit’s blood — 

(1) d mating with a 

2 

(bred out from cistern) — the numbei of eggs 
were 67, 84 and 93 on three occasions 

( 2 ) 2 

with d 


(do do )— 72, 70 and 84 

(3) d 

with 2 


(progeny of a female fed on human blood)— 
84, 34 and 52 

( 4 ) 9 

with d 


(do do )— 60, 90 and 51 

(5) e 

with a 

2 

(progeny of a. female fed on guinea-pig’s 
blood)— 55, 85 and 72 

(6) 9 

with a 

d 

(do do )— 94, 39 and 67 

Progeny of 

a female bred out from cistern and fed on rabbit’s blood — 

(7) d 

with a 

2 

(bred out from ditch collection)— 55, 
83 and 77 

( 8 ) 2 

with a 

d 

(do do ) — 87, 91 and 90 


(9) A large sized d with a dwarf 2 — 37, 52 and 62 

(10) do do ? do d — 118, 89 and 98 


Alteiation m the taste of the mosquitoes, the pi ogeny of vaiious shams, foi the blood of 

man and other animals 


The eggs m the previous experiments were hatched out and the larva; reared 
to imagines m the laboratory No striking peculiarity could be detected with 
regard to then special tendency to feed on the blood of one kind of animal m pre- 
ference to another In these experiments man and rabbit were exposed to the 
bites of these mosquitoes and the number of eggs laid after they were fed on their 
blood were counted and were found as follows — 


Progeny of Nos 3, 4, 5 and 6 Fed 
on human blood 

Progeny of Nos 3, 4, 5 and 6 Fed 
on rabbit’s blood 


The number of eggs laid were 54, 74, 
69 and 85 respectively 
The number of eggs laid v ere 73, 81, 
39 and 49 respectively 


N umbel of eggs in piojioi lion to the size of the insect 
When a large number of stepliensi are bred out from a collection of larva; from 
some ditch, the adults will usually be found m three different sizes one is extra- 
ordinarily large, the other medium and the third is undersized or dwarf, and the 
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number of eggs laid by them on tluee dilTcicnt limes uerc as follows — all having 
been fed on man — 

Stout 318 95 and 100 

Medium 75, 103 and 87 

Dwarf 33, 78 and 43 

Hence it will be seen that the number of eggs laid by a mosquito is in proportion 
to the size of the mosquito 


Relation of ovulation lo blood feed 

A blood feed has been found to be absolutely essential for the ovum to be 
fertilized In case where the blood feed has been delayed and sufficient time lias 
elapsed after the mating, the mosquito will lay eggs usually on the second or the 
thud day aftei it has had a blood meal An interval usually of from si\ to eight 
days is necessary before the mosquito can lay eggs foi the second time and again 
an interval of from 7 to 10 days before the third botch of eggs is laid The number 
of eggs laid m different batches is show n below — 


Mosquito 

Batch 1 

Batch 2 

Bat<h 3 

A 

(led on man) 85 

(led on man) 00 

(fed on mnn) 12 

B 

(fed on rab hit) S5 

(fed on man) 91 

(fed on man) 13 

C 

(fed on rat) S3 

(fed on man) 34 

(fed on imn) 42 

D 

(led on rat) 101 

(fed on man) 49 

(fed on mnn) 23 


The mosquito E, on the other hand, was found to behave in an alto-ether 
different way The number of eggs on different occaaow, and the mten ni boh ecu 
successive batches of eggs is shown below — " 


Fed on rabbit 
Fed on 


do 

do 

do 

do 

do 

do 


man 

do 

do 

do 

do 

do 

do 


Fed on raisins 


85 

95 

47 
42 
41 
45 

48 
37 


eggs laid on 25-4-31 
„ „ „ 30-4-31. 


» >, 3-5-31 

>> jj 8-5-31 

» >> 13-5-31 

>> jj 14—5-31. 

» „ 1G-5-31 

1 » », 21-5-31 

No further batch of eggs was laid and 
the mosquito died on 26 - 5-31 
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The writer’s observations, as stated above, are not m accord with those of 
Christophers, Smton and Coveil (1928) who report on the penod taken for develop 
ment of second and subsequent batches of eggs as follows — 

‘ Immediately after laying a batch of eggs the oncoming follicles are as w e 
have seen, already well advanced m development and subsequent batches of 
eggs follow at a shorter interval Immediately after oviposition the second follicle 
is in a stage representing about 48 hours’ development The second batch of eggs, 
therefore, instead of taking 6 days to develop, under the conditions noted, took 
only some 4 days to develop That they may develop m an even shorter time is 
suggested by the state of affairs sometimes found m Anopheles m nature ’ 

When the female has been fed on vegetable juice alone, e g , raisins, during the 
interval, it has not been possible to induce the mosquitoes to lay any fuitker eggs 
after a batch of them has been laid So far it has been found in the laboratory that 
they need a blood meal during the interval of successive batches of eggs 

Sometimes one batch of eggs is laid m two instalments on two successive days 
and on rare occasions m three instalments on three successive days 

Conclusion 

All these observations, mentioned above, tend to show that Calcutta stephcnsi 
will readily feed on any warm-blooded animal and after a blood meal will lay fertile 
eggs , this points to the catholicity of the feeding habits of this mosquito The 
mosquitoes of the various strains reared m the laboratory did not seem to be m any 
way restucted m the choice of tlieir hosts 

In connection with the mating it was observed that space has a direct bearing 
on pairing as the greater the space and the height, the more the number of females 
that are impregnated as the mating takes place m the air 

It has not been possible for us to keep the mosquitoes alive sufficiently long to 
get more than thiee batches of eggs, though one lived for a little over 5 weeks and 
produced 8 batches of eggs, this being considered an exception rather than the rule 
In a subsequent paper the writer will deal with the relation of the longevity of 
the various strains to atmospheric temperature and humidity 

It has been shewn that a blood meal is essential not only for the fertiliza- 
tion of the first batch of eggs, but also for each successive batch 

With regaid to the desiccation of stejjJiensi eggs, experiments point to the fact 
that they are very delicate and cannot stand drying in any way except foi a verj 
short period 
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The essential object of this woik was to find out the best way to breed one of 
tbe commonest species of Anopbehnes, susceptible to malaria, and to keep the 
culture going m tbe laboratory, thereby tbe difficulty of obtaining a large number 
of sucb mosquitoes for experimental purposes being obviated 

No difficulty was experienced m inducing tbe mosquitoes to oviposit in the 
laboratory and it was noticed tliat most of tbe eggs hatched out The difficult) 
encountered was m rearing tbe laivae At first it was thought that success would 
be ensured if they were reared exactly m the same way as found in nature and so 
tbe small larval after tbeir emergence from eggs w r ere dropped m non cisterns filled 
with the unfiltered water of Calcutta But it was soon found that only a small 
number matured into pupae, wdnle tbe majority of them succumbed during the 
course of growth, and as the success obtained w r as so little, this method of rearing 
tbe larvae m tbe laboratory bad to be abandoned 

The next attempt to rear them was m circular earthen pots with a diametei 
of, say, a foot m which some mud and other organic substances were placed 
at tbe bottom It was considered that these substances would be suitable to 
provide them with their food But this method too w'as found to be unsatisfactoi i , 
as a very large number of small larvae disappeared, presumably due to uncongenial 
surroundings Similar pots with deposits of green algae at the sides weic°next 
used and these were found to be no improvement over the foimei After a lanm 
number of similar trials the following w r as found to be the best way of lcnrnm 
A stephensi m the laboratory e 

A rabbit enclosed m a cage was kept inside a large mosquito curtain foi the 
night, m which a large number of mosquitoes, both males and females, were let 

( 635 ) 
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loose Long hollow tin canisters were placed on the floor inside the curtain for 
shelter of the mosquitoes The cage with the rabbit was taken out in the morning 
when the tray was cleansed and the food was changed, the mosquitoes not being 
disturbed at all The pots were removed when the eggs deposited in them 
hatched out and a fresh pot u as placed inside Small larvse were then carefully 
picked up by means of a pipette and kept m a small earthen pot containing plentj 
of ordinary grass, the ends of the blades projecting out of the surface of the 
water Thus the portion of the grass projecting out of the surface remained 
alive for a considerable time and this helped a great deal m the oxygenation of 
the water The grass serves the following useful purpose first, it keeps the 
water cool , secondly, it separates the water into different compartments and thus 
the larvae are prevented from preying on one another, thirdly, it itself provides 
some food for the larvae , and fourthly, it prevents the formation of the scum 
so frequently noticed on the surface of water and which quickly asphyxiates 
the larvae 

When earthen ‘ gumlas ’ aTe not available equally good results will be obtained 
with ordinary enamelled pans with raised edges 

The best food which has been found to ensure rapid growth of larvae is finely 
powdered manure lightly sprinkled over the surface of water, and also dead mos- 
quitoes filled with blood Even ordinary dust will serve the same puipose It 
must be remembered that Anopheles larvae are surface feeders and A stephensi 
is no exception , hence whatever food is given, it must be available to the larvae 
on the surface 

Even m the apparent absence of much food larvae will often be found to thrive 
well when they are left m the shade m earthen pots exposed to the rams Drizzles, 
1 e , when the ram falls m minute drops, have been found to stimulate the giowtli 
of larvae much better than rain falling in larger drops Larva) are not likely to get 
much food in these earthen pots or ‘ gumlas ’ except a few dead insects and some 
green algm which rapidly grow on the inside of these pots when they are left m the 
shade during the rainy season When larvae m two ‘ gumlas 5 are compared, one 
with scanty giowth of green algae on the sides without any other food material and 
exposed to the rams and the other havmg abundant food material but left in the 
shade and not exposed to the rams, it will be found that the larvae m the former v ill 
always giov much more rapidly than those m the lattei 

It has been found after repeated experiments that the depth of the water m 
the pot in which the larvae are reared is important and care should al>v avs he taken 
that too much w ater is never poured m these bieedmg pots 

Why it should he necessary to change the water of the pots in all breeding 
experiments m the laboratory, even when they are kept out all the time m any 
places, is difficult to say The explanation that defective oxygenation or increase 
m CCL necessitates the constant changing of water is not sufficient for the reason 
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that in natuic laivro aic Bomotimos found m places such ns wooden lionets, tin 
canisters, cte , dtuing the diy season and the wntei icniams stagnant all the tune 
But any way one should always pay special attention to the changing of the watei 
vciy fiequcntlv, say evciv 3 to 4 da) s, even when no scum foims at the sinf.ire 

While leaimg Anophelinc laivae m the laboratoiy it will lie noticed tliat a i cr) 
laige pioportion of small laivro will always succumb The writer lias ahead) 
pointed out clsewheie the proportion of larvae winch die in then development, from 
the smallest stage to pupation under different conditions m nature In the labora- 
tory, on the other hand, the mortality of larvae has been found to vnT) gienfly, 
ranging from 97 to GO per cent, vdicn the conditions have been made most favour- 
able to then giowth During the com sc of mctamoi phosis the mortality has been 
found to be heaviest during the first and next heaviest m the second stage while 
the moitahty is the lowest m the last larval stage It is difficult , and at llie same 
time trying, to real in the laboratoiy laivae of the fust instars 

It can be stated from observations m the laboratoiy that the mortality of 
larvro depends, among others, on the depth of water m which the larvae grow 
presence of suitable food material easily available to them at the surface and on 
the number of larval 

The greater the depth of water, however abundant food matei ials there ma) be 
at the surface, the more the number of larvae that will die Giron two pots of 
different depths of water, one shallow, i e , the deptli of water not more than ,i 
few inches and the other deep, l e , the depth of water from 1 \ to 2 feet, the nature 
of the food being the same m both, it will always be found that larvae w ill grow mt o 
maturity more quickly m the former than in the latter Also the moitalit) in the 
former situation will be much less than in the latter, where the w atei is deep 

It is needless to repeat that Anopheles mosquitoes are sui face feeders and hence 


in absence of food at the surface a very large number will readily peush 

It lias already been mentioned that in permanent breeding places of A Stephen 
a given surface of water can maintain a limited number of larva; only and when 
the number exceeds that limit the rest will die , wdnle m tcmpoiary bleed hm 
places an area of the same dimension can contain a very large number of lanaT 
In these experiments under the natural conditions it was not possible to determine 
the fate of those that disappeared With a view to ascertain this, experiments w ei c 
done in shallow enamelled dishes m which a large number of laivro of all sizes 
previously counted, had been dropped They were then counted from day to dav 
and it was found that almost all the small lame had disappeaied m course of 3 to 
4 days, only a small number among them surviving These were thought to Lave 
been preyed upon by the larger ones Evidence pointing to tins was fm,™i lr li 
absence of any trace of the bodies of the small ones and m +l 1P l * d ! * 10 
heads of tagger larva, left at the bottom, wlule the bod.es f th 1 7' "T ” ° f 
the bottom were very few It wd! not be out of p,ace to pent out 
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at times larvae are carnivorous they do not touch dead or decayed larvae One 
who has taken the patience to watch a pot containing a large number of lame of 
all sizes will find no difficulty in observing the carnivorous habit of Anopheles 
larvae This will be dealt with more fully m a subsequent papei 

The best way, I have found, whereby one can materially reduce the mortality 
is not to touch young larvae at all for three to four days after their emergence from 
eggs but to let them grow m the same pot where the eggs weie laid Laivae at this 
stage do not require much food but some fine dust may be veiy lightly sprinkled 
twice a day on the surface After 4 days when they are large enough to handle, 
they can be picked up by a pipette and transferred into an enamelled dish, or better 
still, an earthen 4 gumla, 5 with plenty of grass with roots m it, the water being 
changed every three to four days along with the grass Powdered manure or dust 
should be lightly sprinkled on the surface twice every day The breeding pots 
should be put out m a well lighted place 

The maximum and the minimum time taken by larvee to pupate under natural 
conditions has alieady been stated In ordinal y surroundings m the laboratory 
the maximum period has been found to be as long as 58 days (if similar results 
had been obtained during the winter season this unusual delay would probably 
have been explained as 4 hibernation ’), while the minimum time for larvae to pupate 
has been found to be 9 days But these are quite unusual cases It is indeed 
impossible to say with any degree of accuracy the length of time larvae will take 
to pupate in the laboratory The conditions on which this depends are too many 
and very little known While one batch takes, say, 12 days, anothei batch under 
the same conditions may take twice that number of days or even more 

The effect of low temperature on the development of larvae has been studied 
When subjected to a constant temperature of 24°C , they usually take about 16 
to 20 days to pupate, while m a temperature of 12°C the large ones do not survive 
for more than 3 to 4 days and the small ones for more than 24 houis At 
this low 7 temperature they do not feed and the larvae do not wriggle about, but 
when brought into warm surroundings they soon become active and begin 
to feed 

The w nter cannot explain the reason why a batch of adult mosquitoes in the 
course of breeding stopped laying any further eggs almost abruptly This happened 
when the breeding operations w r ere going on m full swing The adults referred to 
were all hi ed out m the laboratory and w 7 ere probably more than three broods old 
Although the females were noticed to have fed on rabbit’s blood they could not be 
induced to lay eggs even outside the curtain, which w’as adapted as a breeding 
cage Bor this purpose some fed females together with males were kept confined 
in cases and also m lamp chimneys but with every effort the mosquitoes could not 
be induced to lay any eggs Some of the females which had refused to lay eges 
were then dissected and the ovanrs were found in the same stage of development 
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as when bicd out The whole opeiation ilius had to he stalled hash from tlie veiy 
beginning The writci has since then been mfoimcd that an entomologist liad 
had exactly similai expciiencc 1111110 wo3kmg will) an altogether diffeicnt sjiccie 
of insect Tn his case also the cycle of life stopped abniptly at the adult stage 
Hence it, is advisable that adults, hied out fiom laivro caught in naluie, should 
always be introduced inside the bieedmg cages fiom time to time so that a conti- 
nuous supply of adults in the laboratory may be obtained 

The difference, if any, in the late of maturation of laivte and then pupation, 
when unfiltered silt-laden water, oidmaiy tap yater and uatci from some 
tank is used, has been found to be quite negligible 
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Serological obseivations m Leishmanial diseases, though In no means scant} , 
are somewhat conflicting as will be seen fiom the accompanjmg summaries The 
difficulties connected with the cultme technique in obtaining adequate quantities 
of a suitable antigen may account to a certain extent, for the want of uniformit) 
m tbe results recorded , to this ma} be added that in proto/oal infections in general 
the reaction products aie not so abundant oi so persistent and the different 
anti-bodies are not so easily demonstrable as in bacterial infections— a feature one 
would naturally expect in view of the grade of heterogeneity and the differences 

m the constitution of the antigens derived from two such biological!} distinct 
parasites 

Now that it is possible to obtain a pure antigen in bulk and of requisite 
potency by cultures of Leislimama on sohd media(31) an attend of q " 

tion of the sublet of agglutination had been made /n 

dieting results obtained by several workers’, seiolomcaHests ”e 1" T* ° ' ‘l’' C °"‘ 
?£=T as tf tj.dentity 

a 

tJle Potency of different 

* I desire to express my thanks to DrT V xt I " ~ • 

Hr 

J, MR in was investigation 
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anti-bodies demonstrable m the sera of individuals infected, either by live virus, or 
its dead products as the case may be, m generalized or localized disease and m natural 
and experimental Leishmaniasis, and also when one finds the preponderance of 
group anti-bodies over specific anti-bodies in all these several ^circumstances, it 
may be pardonable, if one hesitates, to accept the findings of the previous 
investigators as final This is particularly in reference to the identification of 
the several members of the class, based on the quantitative serological reaction and 
that too within such a nairow range 


Piopeities of antigen pi open ed by seveial methods and then beanng on the 
choice of a standard antigen 

Leaving aside the antigen prepared from the watery or saline extract from the 
spleen rich in parasites, 01 from the flagellates centrifuged from cultures m different 
fluid media whose characters would be obviously not uniform, attention has been 
concentrated in the study of the properties of the antigen prepared from known 
quantities of surface growths of a certain age on solidified media of a definite com- 
position 

The chief value of the Leishmania cultures grown on the surface of solidified 
media m contrast with the flagellates gathered fiom the centrifuged and washed 
deposits from cultures in liquid media, lies in the fact that apart from the punt} 
and richness of the material, the suspension made from the former can be obtained 
free from the rosettes and auto-agglutinated masses characteristic of the latter, 
and that is why antigen made from the surface growths is admirably suited for 
agglutination tests An ideal fluid for this purpose then would be a flagellate 
suspension which would be free from such self-formed clumps to begin with, and 
such as would not only not tend to their spontaneous formation when left to 
itself or when mixed with neutral sera used for control but also such as would 
remain so, for at least six hours, the strictly restricted time allowed for 
observation beyond which the suspension would, owing to the weight of some 
of the flagellates tend to deposit by itself however slightly, and lead to fallacious 
readings especially m doubtful cases 


Charade) s of suspensions in distilled mate) and thru diawbacls 

Such a suspension is obtained by taking up the surface growth of four days at 
22°C m distilled water In this the flagellates swell up and plasmolyse yielding a 
colloidal solution of the cytoplasm, in wdnch the nuclear and flagellar matter is 
found suspended uniformly m a finely granular condition But unfortunately such 
a suspension is unfit for the test as the colloidal solution becomes turbid and pre- 
cipitates m contact with even normal saline 
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Importance of using a vehicle with noinial mime tonicity 

Therefore it is essential to have a vehicle, foi the suspension, an isotonic saline 
solution, or better still a hypertonic saline which can be reduced to the normal by 
adequate addition of distilled water just at the moment of mixing 

Duxwbacls of using suspensions of living flagellates 

A young surface gioivth, made up m saline with a certain amount of agitation, 
is found to consist of individual and discrete flagellates actively moving about in 
H D preparation, but these soon become immobilized in masses at the room 
temperature (32°C ) and tend to agglutinate in a few minutes when mixed 
with neutral control sera even m 1 m 30 dilution with normal saline This 
defect is obviated by killing the flagellates at 55 5°C for one hour or hr 
exposing them to the vapour of CHC1 * 

The value of using suspensions of flagellates hilled by heat oi 

CHCU vapour 

The microscopic examination of these suspensions both m H drop or in stained 
smeais show the discrete distribution of morphologically unaltered flagellates 
and even a three or four hours’ contact with neutral control sera (1 in 30 
dilution) are inoperative m producing the clumping of the flagellates which arc 
very sensitive when alive 

The consideration of the pioperty of aqueous or saline suspension of flagellates 
alive or dead have lead the author to adopt the following technique for obtainin'* 
the standard antigen used for the agglutination phenomenon 


Technique 

A four days’ culture of Leisbmama grown on the surface of the solidified 
haemoglobin (31) at 22°C is gathered on a loop and shaken up m 2 c c of NnCI, 
0 85 per cent and when the suspension is quite homogeneous and uniform, it is 
submitted to 55 5°0 for one hour and then left at 22°C for twenty-four hours 
or more so as to let the heavier flagellates settle down The supernatant part 
of the suspension is then carefully sucked up m a pipette and transferred to 
another test tube and is then found to be of uniform opalescence correspond!!)" 
to Brown opacity No 2 which remains so for over twelve hours-ami when 
examined microscopically is found to consist of discrete individuals of dead 

ST “ *• - •' *■-«» >- 7t 
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The most convenient sown dilutions and the time limit for observations 
After a great manv trials it was found tliat a dilution of 1 m 30 is the most 
convenient for the routine examination of seia as with this dilution the controls 
remain unaltered even up to eight hours, after which time there is a tendency 
for the heavier flagellates to settle down In all K A sera, the agglutination 
is obvious to the naked eye in two hours and complete m fom hours , however, in 
some cases a positive reaction is demonstrable even m 1 m 120 dilution at the end of 
six liouis Theiefore a definite time limit (of three hours) has been fixed for 
recording the readings for 1 m 30 dilutions 

The test 

An equal quantity of diluted serum and antigen suspension is taken up in 
sealed capillary pipettes with an approximately uniform bore of about 1 mm and 
left after sealing in a vertical position at the laboratory temperature, always 
having a control serum mixture for each group of sera tested and at the end of two 
hours an examination with a lens reveals the formation of granules, which when the 
reaction is positive grow larger and become quite visible to the naked eye by three 
hours and when the test is complete, these deposit like a mass of clot leaving a clear 
transparent supernatant column of the fluid, while the contents of the conti ol 
pipette remain unaltered with its homogeneous and uniform opalescence The 
phenomenon can be illustrated m permanent preparations by sucking up the 
contents of the tests at the end of three hours and filming tins on slides — fixing 
and staining the films — vide Plate XXXYII 

Limitation of the specificity of the keaction 
A large number of observations made on gross agglutination of the L D and 
L Tr suspensions by oriental sore or kala-azar sera and vice versa did not reveal 
any distinctive features thus showing that it is immaterial from what particular 
source of Leislimania the suspensions are derived The observations made indicate 
the preponderance of group agglutinins over specific agglutinins when they are 
present It is found that suspensions with L Tr cultures can be used with equal 
effect in all agglutination tests whether the serum is derived from cases of kala-azar 
or oriental sore In this work on sera derived from only kala-azar and oriental 
sores (natural and experimental) from different parts of India, L Tr antigen has 
been mainly adhered to for demonstrating the presence or absence of agglutinins 
The results obtained from these variants seem sufficiently clear to indicate the 
presumption that the agglutination phenomenon bcirig as it is only a group reaction 
may be extended with equal effect u hen dealing with Leishmama from other parts 
of the world Sera from other Leishmanial infections appears to be of little value 
in the diagnosis of the different members of the parasites 
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The results of these expci iraents aie summnri/erl in llie following lahles — 

Tabi.i I 


Agglutination w lala-azai sentm, Calcutta Senes 


Serial 

No 

Scrum nature and 
source 

Clinical 

data 

Aldchydo 
test of 
Napiei 

Serum glo 
bulin test of 
Brnhmnchari 

Treatment 

Agglutination 
strum 1 in 30 
antigen 

L Tr Jj 1) 

1 

Calcutta 


+ 

4- 




K A advanced 






2 

99 99 


+ 

4- 


— 

3 

99 99 


-1- 

Capsule found 

broken in transit 

4 

99 99 


4- 

Capsule found broken m transit 

5 

99 19 

t-i 

O 

Ei 

+ 

+ 


4- -i- 

6 

99 yy 

si 

+ 

+ 


d d 

7 

99 yy 


+ 




8 


< 

M 

1 

-1- 

*3 

4 4- 

9 

99 yy 

tn 

a 

+ 

+ 

CJ 

ci 

o 

j-d- 

10 

99 y 

n 

o 

cn 

O 

+ 

+ 

u 

C 

3 

-f 9 -4- 

11 

99 99 

C 

to 

c2 

4- 

+ 


+ 4- 

12 








99 yy 

>■ 

+ 

4- 


d-d* -1 -j- 

13 

14 

„ early 

O 

c 

3 

+ 

+ 


d-d- 4 1- 

15 

99 yy 


+ 

+ 


d-d- 


99 yy 


+ 

Capsule found broken m transit 

16 








99 yy 

Old seium 9 Napier 


+ 

+ 

+ 

4- 


d-4- +4 


Control 





+ + 



— 

0 

0 


0 


Abreviations used in the tables 


K ^ — Kala azar serum 
^ Tr Leishniania tropica 
~t Agglutination distmc 


4- 
+ ? 
0 


negatr 


S Oriental sore serum 
^ ® Aei'S/inioiufi donovam 
: hours > c °mplete in 3 hours 
” ” 4 

6 » but incomplete in 6 hours 
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Table II 


Agglutination in lala-azar senim. Madias Senes 


Serial 

No 

Serum nature and 
source 

Clinical data. 

Aldehyde 

test 

Treatment by 
urea stibamme 

Agglutination 
serum 1 in 30 
antigen 

L Tr LI) 

1 

Kond Mad K A 

Spleen — 

Liver — 

Fever 8 days 

+ 

0 

+ 

2 

K K 22 „ „ 

Spleen — 

Fever 3 months 

0 

0 

+ 

3 

D M 22 „ „ 

Spleen 

Liver 

Fever 2 months 

0 

o ! 

4* 


Control 



0 

0 

4 

L R Mad K A 

Spleen — 

Fever 3 months 
Cancrum Oris 


0 

+ + 


Control 




0 

5 

M T Mad ? 

Spleen — 7 

No history 

0 

1 

0 

0 

6 

D M Mad K A 

Spleen — 

Fever one neck 
General condition 

+ 

0 

++ 



poor 




7 

•N C jj 

Spleen — ? 

+ ’ ! 

0 

-1-4- 

8 

K 30 9f a ,, 

Spleen — 7 

No history o£ fever 


12 

+ 1 


Control 


0 

0 

0 

9 

Rajammn Mad 

K A 

Liver — 

Spleen — 

+ 

0 

+ + 

10 

Natcsan Mad K. A 

Spleen — 

Liver — 

Fever 4 months 

+ 

0 

++ 


Control 


0 

0 

0 
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Table III 


Agglutination in hala-azai senim, Patna Senes 


Serial 

No 

Scrum nature and 
source 

Clinical data 

1 

Aldclij dc 
test 

Treatment 

Ncostibosan 

injections 

Agglutination 
serum 1 in 30 
antigen 

L Tr L 1) 

1 

S R P Patna K A 

Spleen 

+ + 

+ 

0 

+ + 

2 

W A „ „ „ 

Spleen 

+ + 

+ 

2 

+ 


Control 




0 

1 o 

3 

Mos Patna „ „ 

Silicon 

+ + 

+ 

1 

l H J- / 

4 

B N „ „ „ 

Spleen 

H 

+ 

8 

+ l 0 


Control 

Spleen- 

-Malaria 

0 

0 

0 

5 

B Patna K A 

Spleen 

— 

+ 

1 

-T + 

6 

R S Patna Iv A 

Spleen 

— 

+ 

1 

+ 

7 

G S „ „ 

Spleen 

— 

+ 

1 

0 

8 

A R „ „ 

Spleen 

— 

+ 

12 

+ 

9 

R Patna K A 

Spleen 

— 

+ 


+ 

10 

Ampoule broken m 
transit 





11 

12 

13 

D Patna K A 

a » „ 

B » 

Spleen 

Spleen 

Spleen 

' 

+ 

+ 

+ 

1 

2 

o 

+ + 

+ + 

+ 

+ 

0 

14 

Calcutta K A 

Control 

R L Patna K A ? 

Spleen 

Spleen 

0 

+ 

0 

0 

0 

0 

r: 

15 

S Patna K A 

Spleen 

— 

+ 

0 

16 

B M Patna K A 

Spleen 

— 

+ 


+ 

17 

Ja Patna K A 

Spleen 

— 

+ 

o 

0 

++ 


Control 

— 

0 

0 

++ 

0 




Agglutination m Leishmaniasis 


Table IY 

Sentm reaction ( agglutination ) m onenlal sole, Lahoie Senes 


Scnal Scrum nature and 
No source 


0 S Lahore ji 1 


<3 w 

tt S 2 


»» >> c 


»> o 

t n 
O 
G 

” to 


Clinical notes 


Nothing available 


K A Patna ft 


One ulcer, 2 months 

One nodule, 3 weeks 

Ulcer, 1 month 

Ulcer angle of mouth, 
3 months 

Nodular forearm, 
1 month 


Agglutination 
serum 1 m 30 
antigen 
L Tr L D 



Agglutinins thougn 
absent in 0 h 
sera arc casilj 
produced bj the 
rabbit m response 
to injections of the 
products of Lcis/i 
man in tropica or 
Lcislimania dono 


Control I 

I 

Rabbit immunized to L Tr — 2 injections 

(2 Meeks’ niton al) of culture 

Control rabbit I 


0 S Lahore 


Ulcer cheek, 3 months 

Ulcer fore arm, 6 months 

Multiple ulcers face and 
arm, 2 months 

> Not available 


Nodular non ulcerating, 
4 months 

Ulcer leg, 12 months 


Control human serum for each batch 

Gliatc — Persia 0 S , C months’ history deep 
ulcers L Tr found in lesions 

Sonbai — Bombay 1 j ear’s history, multiple sores, 
diagnosed microscopically 
L Tr found 


Before treatment bj 
L Tr vaccine 
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Fiom fhc above it is clcai tlial — 

1 The agglutination is a group i carl ion 

2 Agglutinins are definite]) demonstrable m all the cases of kala-a/ai , in some 
moio than m others , the formei being always m untreated cases and the latter in 
most of the cases treated with sonic foim of antimony salts The only exceptions 
to the rule are No 14 (Patna Scries) where the aldehyde test being also negative 
tlieie is a certain amount of doubt as to the diagnosis, and No 5 from (Madras 
Series) 

3 The agglutinins aie conspicuous bj their absence in cutaneous 
leishmaniasis the only exception being No 8 of (Lahore Senes) where there was a 
feeble effort at agglutinin production 

4 These anti-bodies are, however, most easily elaborated in the rabbit in 
response to the injection of the products of Lcishmania 

5 The agglutination test being an antigen anti-body reaction is of scientific 
mteiest I do not hold that it will replace for practical purposes of clinical diag- 
nosis, tests such as the aldehyde test of Napiei, seitim globulin reaction of Brahma- 
chan, and urea stibamme reaction or flocculation test described by Chopra 

6 The agglutination tests are m conformity with the author’s findings as to 
the close affinity of L Ti and L D evidenced by the identical jiroccsses induced 
experimentally by either virus m the monkey and m the mouse, yj/ , a cutaneous 
localized nodule being produced m the monkey noth L D and geneiali/ed infection 
induced m the mouse by L Tr (8, 10, 12) 

7 The agglutination test is of no value m arriving at a differential diagnosis 
of the several members of Lcishmania 


SUMMARIES OE THE FINDINGS OF PREVIOUS WORKERS 


Summary 1 

Agglutination in leishmaniasis 


Date 


1909 10 

1911 

1912 


Investigators 


Nicolle and Manceaux 
Jemma and di Cristina 

Longo 


Findings 


Dog infected mtb L donoiam 
No agglutination 

Infected infant No ngglutina 
tion 


Antigen used 


lo dajs culture of L I) 
NNN 

Aqueous and alcoho 
lie ext of K A 

flplccil 

Sal.no ext 0 f dried 

splenic p u jp 


* The author is indebted to W H Talinfprm i ’ ' 

mty of Parasitic Infection ’ these summaries have been "’° rK on ‘ Thc Imniu 
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Summary 1 — concld 


Dale 


1911(6) 

1912 

1913 


1913 

1914 

1914 

1916 

1918 

1927 

1926 


Investigators 


di Cristina 

Caronm 
C ironia 


Caromn and di Cristina 

Scordo 

Archibald 

Cornwall and La Fronais 

Oslcn 

Auncchio 

Hindlc, Hou and Patton 


Findings 


Artificial!}' immunized animals 
bv L D Specific aggluti 
nation positive 

Child immunized b} killed cul 
ture Positive agglutination 

Natural infantile leishmaniasis 
four out of five positive 
agglutination Eight other 
negative, but these gave 
positive agglutination after 
immunizing with killed culture 
or the nurleoprotein products 

Two healthy children and two 
infected After immunize 
tion positive agglutination 

Human case s — ngglutmation 
pore potent Canine cases — 
agglutination lesB potent 


>ln K A patient 
tmation 


No agglu 


On immobilization in human 
and animal serum Results 
inconstant 


Antigen used 


L D cultures m NNN 


do 


Saline o\t of 
splenic pulp 


dried 


do 


Culture of L I) human 


Ln c culture (w ashed 
flagellated) 


Live cultuie of L D 


Summary 2 


Complement fixation in leishmaniasis 


Dale 

Investigators 

Findings 

Antigen used 

1911 

Jemma and di Cristina 


Eaily work — uegatn 

5 cases of K A 1 

rc 

Aqueous and alcoholic 
ext of K A spleen 

1911 

Makkas and Papassati- 
nou 

w 

3 syphilis 

2 malaria 

2 healthy 

All nega 
live 

Aqueous ext of K A 
spleen (Infantum) 

1911 

i 

di Cristina 

[ 

3 rabbits immunized positive 

3 rabbits fresh negatne 

1 Saline ext of dried 
) splenic pulp 
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Summary 2 — conoid 


Date 

Imcshgalors 

Finding* 

Antigen vs>d 

1912 


7 kuninn infected with K A — 

.Saline c\t of dried 



negntn c 

splcine pulp 

1912 

tango 

3 children infected K A — 

do 



negatn c 


1912 

di Cristina nnd Caionia 

7 infected human but lininu 

do 



nized with hilled iv A cul 
tures — positn c 


1912(6) 

di Cristina 

2 cases of spontaneous recot cry 




positnc 


1913 

Cai onia 

1 case infected bul immunized 




with K A culture — positnc 




8 cases which gate negatn e 




after immunization gate 
positive 


1913 

Caronia and di Cristina 

Onl^ 13 out of 8b enses (par 

Alcoholic ext of spleen 



tial or defimtelj positnc) 

from canine feish- 



2 cases of 0 S positnc 

mania«is 



" 

1914 


1 K A case negatn c 

Aqueous c\l of infected 


spleen nnd Jv A infee 



K A cases recovered positnc 

tion 

1916 

Cornwall and La l'rcnais 

1 case of K A negative 

Alcoholic and saline c\t 




of spleen 

1917 

Bralimachan 

6 out of 8 gate positnc 

Alcoholic nnd saline 

1918 

Oslen 

2 cases of Iv A negatn c 

e\l of spleen 

1920 

Know les 

4 cases of K A negatn c 


1925 

Kasuga and Tamura 

Immunized animals — certain 




degree of fixation 


1926 

Hindi e, Hou and Patton 

19 out of 25 m ell marked 
fixation 

Saline e\t of hamster’s 



spleen, glycerin nnd 

1927 

Auricchio | 

21 out of 24 positnc 

plicnol 


1 

3 out of 24 negatn e 

r Flagellates from cultures 



One case of dermal leishma 

\ 

1914 

Pavoni 

niasis positive 




2 cases of 0 S positive 

l Aqueous c\t of K A 
| spleen 

1919 

Moses 

Homologous K A sera negative 




80 tive r ° 6nt “ 41 Cases P° SI 

Culture of flngellntcs 
nqueous e\t 
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Summary 3 

Seiological tests foi diffeiential diagnosis of leishmaniasis 



Investigators 


Findings 


Antigen used 


( L T protected against 0 S 
1910 C Nicollo and Manccauxf L I slightly against K A 


-Group reaction 


1911 di Cristina 


191*1 Bnndi 


Caronia and di Cristina 


L D against both 


Rabbit immuni7ed by L I) Aqueous and alchohc 
•»ho\rcd agglutination in 1 o\t of infected spleen 
in 30 

Established identity of L D 
Jj infantum by agglutma 
tion of 1 in 160 and non 
agglutination of L T of 
1 in 70 

Confirmed Bandi as to identity Aqueous e\t of dried 
of L D , L Inf , and L Cams K A splenic pulp 
bj cross agglutination 


Row, R 


Parent 


f Rcordo 
-J Spagnoho 
V Guigm 

Laveran 


1924 and Noguchi 
192G 


Experimental 
y, ith the 
animals 


infection 
virus in 


El idence of close affinity 
between L T) andL Tr from 
path process induced e\pen 
mentally m the monkey and 
the mouse L D giving rise 
to local lesion m the monkey 
L Tr inducing generalized 
leishmaniasis in the mouse 


Cross complement fixation Aqueous o\t of spleen 
experim K A and natural 
0 S sera gave positive 
agglutination 

K A scrum gave stronger 
agglutination with human 
v irus than \\ ith canine v irus 

Could not confirm this Cross mimumtv expen 

nient 

Monhev cured of 0 S gave 
positive infection vv ith L D 
Monkcv immunized to K A 
bv L D and L Inf gave 
positive infection with L T 

Obtained clear cut results by Immunization of rabbit 
immunizing rabbit to L D , and cioss agglutination 

L Inf , L Tr , and L Brazil, and living culture 

and bv cross agglutination 
test was able to separate 
all Lcishmama into 3 classes 
including L Br , L D , L Tr 
and L Brazil 


and living culture 
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Summary 3 —concld 


Date 

Iniestignto) i 

Finding* 

Antigen vsrtl 

li)2G 

Kligler 

All findings confirmed 


1920 

Wagner and Koch 

.Separated Leislmiania from 
IJerpetomonaa ctcnoccplmh 
Also group reactions in 
Lcishmnnin not appreciable 
different 


1920 

Noguchi 

Separated 3 species of Leisli 
mnnin Herpetomonns of 

plnnts and insects bj lininu 
mtv experiment in rabbit 

\ g g 1 u t i n a 1 1 o n e\ itb 
enrious flagellates 

192S 

Btirou a 

•Separated L D from L 1 r 
be experimental I eislmianin 
in mice 

Liec cultures 

1928 

Chodukine and SofllofT 

Be immunization of mice 
guinea jugs nnd rabbits eeith 
different strains eens 

unable to different into 

L T nnd L D and L Cams 
be adhesiec pbenomenn 

1 1\ e cul'ures 

1930 

1931 

ZdrodoM ski and 
Voskeressenski 

ZdrodoM ski and 
Voskeressenski 

Differentiation bcteeeen K A 
and O S bj complement 
fixation 

Differential dmgnosis of L D , 

L Tr , L Cams, L fnf 
and L Brazil bj complc 
ment fixation 

Killed cultures pin* 

glecerm 1 per cent, 
phenol 0 per cent 
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RAT-FLEA SURVEY OF THE CITY OF HYDERABAD 
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Hyderabad, tbe fourth largest city in India, is the capital of H E H the 
Nizam’s Dominion The municipal limits of the city include an aiea of 35 square 
miles and with the suburbs quite close to it the area covered is nearly GO squmc 
miles It is situated 17°22'N Lat , and 78°27'E Long It is 1,719 feet abo\e 
sea level 

Population — The population according to the census of 1931 is 375,000 (provi- 
sional figure) 

Housing and sanitation — The river Musi, a tributary of the river Kuslina, 
divides the city into two parts, that on the southern side of the rivei being know n 
as the City proper and the one on the northern side bemg known as Chndcrsrhat 
The former is quite typical of an oriental city and consists of several palaces sur- 
rounded by areas with narrow lanes lined on either side with small, ill-ventilated 
‘ kucha 5 houses with country tiled roofs Chaderghat comprises a widei aiea and 
includes recent extensions Several small, once independent, villages have become 
included This part, particularly m the localities near the gram markets, is badh 
congested, the houses are mostly ‘ kucha ’ and have country tiled roofs The 
gram markets are anything but sanitary and all godowns are heavily rat-infested 
Recent extensions m Chaderghat area are quite hygienic and m ’ fact comnaie 

favourably with auy modern city The City Improvement Board is veil active 
m replacing slum areas with model dwellings J 

j, mr ( 057 j 
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Rat-Flea Sinvey of the City of Hyderabad ( Deccan ) 


Climate and rainfall — The climate is warm The average mean temperature 
is 91°F , December being the coldest month with an average mean temperature of 
61°F , and May being the warmest month with an average mean temperature of 
105°F The average rainfall is 31 inches 

Exports and impoits — Besides being the capital of the dominion it is an 
important trading centre The staple food of the people is rice, chiefly imported 
from the surrounding Telangana districts, as well as from Bezwada and the adjoining 
districts in the Madras Presidency Some years back nee was imported from 
Rangoon but for commercial reasons this has stopped The city lias trade 
communications with Bombay, Poona, Sholapur, Madras, Cawnpore, Nagpui, 
Raipur and many places m the Punjab Most of the trade used to pass through 
Bombay, Poona and Sholapur (all plague-mfected places), for these were the first 
places to be connected by railways with Hyderabad Later connection was estab- 
lished with Madras through M S M Railway at Bezwada, but the trade passing 
through this line was small as compared with that from the Bombay side via Wadi 
It is only within the last few years that direct connection has been established 
between this city and other places in southern India by the new railway extension 
from Secunderabad to Kurnool Similarly with Central and Upper India by the 
Kazipet-Ballarsha extension 

History of plague m Hydeuibad City — In spite of the free communication 
existing with plague infected places such as Bombay, Poona and Sholapur, plague 
did not make its appearance till the year 1911 When once it broke out it took a 
heavy toll, the first epidemic alone (31st August, 1911 to 28th April, 1912) being 
responsible for 18,478 attacks and 16,901 deaths The following table gives a 
buef history of plague in this city — 


Table I 


Period of epidemic 

Attacks 

, 

Deaths 

1911-1912 

1 18,478 

16,901 

1915-191G 

16,983 

14.980 

1918-1919 

2,414 

1,834 

1919-1920 

6,330 

5,148 

1920-1921 

943 

694 

1923-1924 

248 

181 

1924-1925 

7,600 

6,301 

1925-1920 

3,437 

2,554 

1926-1927 

260 

194 

1927-192S 

6 254 

5,015 

1928-1929 

1,335 

905 

1929-1930 

699 

410 

1930-1931 

1,780 

1,132 

Total 

66,661 

56,249 

. 



Monthly incidence of plague during the penod September 1924 to March 1931 
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It vrill be observed from the above table that after tlie fust epidemic (1111-1912) 
tlie city was free for the next three years The second epidemic broke out m the 
year 1915 and was almost as severe as the first After an interval of two i ears 
plague made its appearance again m the year 1918, but this epidemic was compara- 
tively a mild one The epidemic continued regularly for two years There was no 
epidemic during the year 1922 From the year 1923 onwards the epidemic has 
appeared regularly each year From Table II given below it is seen that the 
epidemic becomes established m September, reaches its height during the months 
of November, Decembei and January, and subsides completely by the middle of 
April 

In the year 1929 (September) on the recommendation of the senior author 
(J N W ) of this paper a Special PlagUe Department was started by H E H the 
Nizam’s Government with the idea of carrying out an extensive rat campaign for 
the first time m the city of Hyderabad, and also to take over and improve the 
existing anti-plague measures 

The anti-plague work included a rat-flea survey of the city The work was 
started from September 1929 For this work the city of 'Hyderabad was divided 
into four sections, two on the northern side and two on the southern side of the 
river Musi (vide Map 1) Each section was placed under a Section Officer (of Sub- 
assistant Surgeons grade) and he was assisted m his work by four sanitary sub 
inspectors, and a batch of Kamaties and Kamatans (men and women coolies) 

The rat-density m the beginning of the campaign (vide Table III) m the month 
of September 1929 was 68 1 in Section I, 26 8 m Section II, 25 7 m Section III, 
and 35 1 in Section IY, while m the gram godown areas (Gunjes) it was 127 6 From 
September 1929 to March 1931 the total number of traps laid and rats caught was 
1,754,459 and 317,744 respectively The density of rats varied m all sections 
during the different parts of the year It was high during the monsoon period 
(June to the middle of October) From October onwards the reduction m density 
was gradual till it reached its lowest limit during the month of March Besides 
seasonal effect on the breeding of the rats, another contributing factor towards 
this variation of number of rats caught per hundred traps set is the baiting by 
barium carbonate pills Baiting is usually stopped during the plague season 
(July onwards) as the presence of a large number of dead rats during this time of 
the year creates a panic among the public This stoppage of baiting generally 
increases the number of live rats caught in traps Similarly during the off-seasons 
a vigorous campaign of baiting is carried on throughout the city and this decreases 
the number of live rats trapped By the end of March 1931 (after two years of 
anti-rat campaign) there is a tremendous decrease m the density of rat population, 
the figures for this month for the number of rats caught per 100 traps set being 
6 1m Section I, 15 7 m Section II, 2 5m Section III, and 7 3 m Section IV, whilst 
in the Gunjes it was 16 7 These figures compare very favourably with the figures 
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at the beginning of the anti-rat campaign Baiting was found to have a marked 
effect on the density of rat population when carried on for two 01 three months at 
a stretch This reduction m the density of lats was moie maikcd m tlic yeai 1931 


Map 1 

Mwp of Hyderabad City sliowmy diffacnf section <? 
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tC -1, — ra *r i— — O'* 

Number of traps laid 
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— — — i- t- i- 2 -i ■“ 

b 

«5 

o 

> 

c 

ts 

c 

w 

r=i 

ClClClCir'^_ cr D- 
^-8 r— r-H •— 1 

^ *- U 

D S 1 | fc « 
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* The figures in this section include also the figures from the gram markets given scparatcla m tho last three columns of this table 
N B — The reduction m the rat density is not entirely due to trapping — largo number of rats have been destroved b\ barium carbonate baits in 
addition to regular trapping 
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lcsults aic given m Table IV Out of 115,470 JodenH trapped, 85,900 weie 
Railus taihis, 28,768 weie mice 082 weie music iats, (>5 weie Gunomys unna 
and 54 were bandicoots Tlie piopoition of males io females in Raftm uiitm 
and mice was roughly 1 3, while m musk ints and bandicoots ihe propoition 
was roughly 1 4 In Gxmomyk vamis theie was a slight excess of males over 

females 

The highest lat-densitv is m Section I which contains most of the grain 
maikcts and godowns In fact the lat-dcnsity in the Gunjcs has always been 
greater than m any other place m the city 


Fleas 


Details aie given m Tables V and VI Each section officer daily sent rats to 
the laboratory for flea suivej i\ ork Only those i at-s w ei c selected that weic caught 
singly in traps Caic was taken to sec that all tiaps used were clean and only baits 
used that could not give shelter to fleas Tiaps weie collected early m the morning 
and weie covered immediately with white flea-proof drill bags These bags icachcd 
the laboratory before 10 A m Heie they were transferred into ail airtight wooden 
box and chloroformed to kill the rats and fleas The bags were opened on a table 
covered with wdute mackintosh and all the fleas from the bags were picked up and 
laid aside The rats w r eie next combed, blushed and lastly thoioughly beaten on 
the table so that no fleas may remain on their bodies All the rats examined 
belonged to Rattus uittus variety Table Y gives the figures for lats examined and 
fleas found for each month separately In the succeeding columns of the same 
table the general flea-mdex, cheopis - index for Rattus xallus and orrtzer-mdex for 
Rattus rattus, are given In the last three columns (9, 10, 11) the mean maximum 
temperature and relative humidity are given In the next table (Table VII) the 
relationship of flea-mdex to the severity of plague epidemic is shown foi the corres- 
ponding months 


Flea-index was highest during the months of September and October (6 4 and 
6 2 respectrvely) when the mean maximum temperature fell to 88°F and the 
humidity was at its maximum foi the year (80) A low temperature and a high 
percentage of humidity (the two favourable conditions for breeding of fleas) weie 
present during these two months This rise of flea-mdex has always coincided 
with the plague epidemic Similarly during the months of Apul, May and June 
the temperature was high (mean maximum temperature for these mouths bene. 
100”F, MOT and SOT relatively) and the atmospheric hmmdrty Zy 
low percentage (mean humidity at 8 AM for these months being S3 56 and 
S respectively) These conditions being unfavourable for the’ limed, „g 
of Eeas account for the low flea-mdex during these months This low llj- 

tLZ W,tl ^ “ ° f thC ^ ^emic and the sZ^Zt 
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Rat-Flea Suivey of the City of Hyde) abad ( Deccan ) 
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Total fleas examined were 8,803, out of these 8,230 weie XcnopsyUa chcopis 
and the lest (567) verc XcnopsyUa usha Percentage of XcnopsyUa chcopis 
was 93 6 and that of XcnopsyUa asha was G 4 Table VI gives the sexes of fleas 
examined scpaiatcly foi each month In case of chcopis females predominated 
ovei males throughout the year except duiing the months of Felnuaiy and March 


Taiill VI 


Month mid A car 

Rats 

examined 

■ 

X chcopis 

A asha 

Male 

Female 

Male 

1 emale 

October 

1929 

02 

172 

50 

82 

10 

24 

November 

1929 

230 

547 

220 

304 

8 

15 

December 

1929 

107 

521 

229 

275 

0 

11 

January 

1930 

216 

G54 

294 

121 

10 

23 

Fobruarv 

1930 

177 

490 

241 

230 

10 

9 

March 

1930 

294 

508 

209 

269 

11 

10 

April 

1930 

729 

028 

237 

338 

15 

38 

May 

1930 

393 

315 

114 

155 

9 

17 

June* 

1930 

40 S 

201 

91 

142 

11 

15 

July 

1930 

190 

575 

247 

291 

19 

18 

August 

1930 

203 

800 

329 

416 

15 

40 

September 

1930 

130 

8G7 

417 

417 

9 

24 

October 

1930 

107 

060 

272 

356 

15 

23 

November 

1930 

no 

578 

264 

302 

3 

9 

December 

1930 

108 

587 

27 1 1 

282 

19 

13 

January 

1931 

81 

266 

116 

107 

17 

26 

February 

1931 

35 

169 

85 | 

71 

6 

7 

March 

1931 

113 

199 

79 

83 

10 

21 

Totai, 

3,571 

8,803 

3,795 

4,441 

215 

352 


* One Ctenocepha’us fchs u as found dunng this month 


on one of tho rats 
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Rat- Flea Smvey of the City of Hydei abad ( Decrnn ) 


Table YII 


Month and Year 

General flea index 
for Bcttlus rattus 

Number of plaguo 
attacks 

October 

1029 

28 

45 

November 

1929 

23 

50 

December 

1929 

3 1 

62 

January 

1930 

3 0 

125 

Februarv 

1930 

2 8 

187 

March 

1930 

1 7 

64 

April 

1930 

12 

21 

May 

1930 

08 


J une 

1930 

06 


July 

1930 

29 

• 

August 

1930 

3 9 

7 

September 

1930 

64 

67 

October 

1930 

6 2 

126 

November 

1930 

5 2 

358 

December 

1930 

5 4 

535 

January 

1031 

33 

434 

February 

1931 

4 8 

230 

March 

1931 . 

1 7 

29 


The close relationship of the high flea-index to the plague epidemic is obvious 
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when theie was slight increase of males over females In case of Xcnopw/lla asha 
also the above fact holds good gencially but in the months of February 1929 and 
December 1930 tlieic was slight, excess of moles over females 


Table VIII 


Localitj 

Tolal 

Rallus 

rallut 

examined 

Flf\s found on llnllua ralhia 

X chcopis 

! 

Chrnpis 

index 

' 

A 

nshn 

A atm 
index 

Male 

Female 

Male 

Female 

Narayenguda 

14‘i 

202 

252 

1 0 

38 

00 

0 70 

Nampallj 

10 

>7 

44 ! 

5 1 

0 

1 

0 05 

Troop Ba7ar 

24 

0! | 

77 

1 

1 5 7 

1 

18 

0 90 

Goshamabal 

20 


37 

! 48 

mm 

11 

0 90 

Dhoolpet 

32 


05 


0 

1 

00) 

Sitarambag 

22 

50 

55 

48 

0 

0 


Begum Bazar 

49 

138 

129 

54 

1 

3 

00) 

Chowraha Jinsi 

33 


111 

5 4 

8 

7 

04 

Osmanshai 

28 


52 

4 1 

0 

0 


New Bridge 

21 

00 

55 

55 ( 

0 

2 

0 07 

Patbargutti 

23 

50 

50 

4 0 

1 

o 

0 1 

Charminar 

32 

83 

113 

0 1 

4 

i 

0 1 

Ghansi Bazar 

20 

07 

75 

5 5 

2 

2 i 

0 1 

Chowk 

23 

42 

08 

4 8 

2 

1 

0 1 

Fatlie Darnaza 

10 


02 

7 0 

3 

4 

04 

Yakootpura 

22 


04 

00 


0 


Dabirpura 

29 


121 

70 


3 

0 1 

Malakpet 

18 

91 

70 

93 


2 

0 1 

Kaohiguda 

21 

94 

101 

93 


o 


Lingumpally 

Residency Bazars 

19 

253 

58 

400 

00 

440 

05 

33 

2 

3 

11 

2 

0 7 

02 

Total 

853 

2,037 

2,149 

49 

78 

140 

0 25 
























Table IX 

Fleas examined pom different localities foi specific flea- index 
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Flea -index in ihe wheat mallets ( Gunjes ) 


Gunjes 

Number of 
liattus raltus 
exnmined 

X eh cop\ s 

Chrop is index 

J\ a slut 

Anlm index 

Osmangunj 

54 

100 

3 G 

11 

0 7 

* Mukhtargunj 

20 

SO 

1 2 

22 

1 1 

Mnbaboobgunj 

IS 

84 

4 S 

17 

09 

Ivisbengunj 

]2 

23 

1 0 

0 

0 7 

Mabarajgunj 

42 

121 

2 S 

30 

00 

Total 

140 

100 

34 

12S 

00 


* On 12 3 30 one Cerntopylhis fascialus was found jn tins Gunj 


During the course of our work we found few X asim on rats hi ought from 
different localities To locate these particular areas the following procedure was 
adopted An Inspector with eight Kamaties was detailed with 100 traps to collect 
rats from different portions of the city m a regular ordei The whole city was 
divided into fourteen sections corresponding with the municipal wards each locahtv 
was trapped for two days in rotation Thus each locality was trapped roughly 
once a month All these traps were brought to the laboratory and onlj those trans 
containing a single rat were selected These traps, like the previous ones 
covered immediately they were taken out of the houses with white fleo „ 
bags In the laboratory the rats were examined as usual ’ fleas collected Jl °° t " 
separately according to their species and sexes The rats lot It* 1 
Tables VIII and IX give the number of rats sod T classified 

locality ^' r ° m Jable VIH it can be seen that the locahtiestom^whichle 1 '! T 
were frequently found were Narayenguda, Troon Bazar f^i , 1 ° StWS 

pally The other places where also the X astm was’ fren and L,n S um - 

The res,i,t ° £ a tj: 

phyllus fascialus were found on t ! ’ S alld °ne Cewlo- 

7 0WS tte dlstr,but ‘°" of A' cheap,, and X focdSs' ^ 
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Map 2 

Map of Hyderabad City showing the distribution of X astia 

and X cheopis 



Summary 

(1) Period of survey was from September 1929 to March 1931 

(2) Total number of traps laid ivere 1,754,479 Out of a total number of 
317,744 rodents caught, 115,475 (rats caught after 6th October, 1930) were classified 
Out of these 85,906 were 2? ra this, 28,768 Mere mice, 682 were musk rats, 65 were 
Gunomys larms and 54 were bandicoots 
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(3) The rat-density was highest m the gram mnrkets 

(4) Total mmibci of fleas collected was 13,740 Of these ] 2,949 wcie 
X chcopis, 794 wcie A r asl.m, two wcie Clenoccphahts fchs and one Coatopftyllus 
fasetahts 

(5) Plague appealed m Hyderabad m the yeai 3 911 Flora the yeai 1924 it 
has lecuired legulaily every yeai 

(G) Plague season in Hyderabad is from September to April and off-season 
from May to August 


J, MR 
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ANALYSES AND CALORIFIC VALUES OF SOME INDIAN 

FOOD-STUFFS 


BY 
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Piofessoi of Hygiene, Calcutta School of Tiojncal Medicine and Hygiene, and 
Dnedoi Designate, All India Institute of Ilygiene and 
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Trough many analyses and calorific values aie obtainable from standard 
textbooks, as far as European countries and America are concerned the htoratuie 
is still meagre as far as Indian food-stuffs are mentioned In fact nrrn f f 
Captam MacCay’s figures published in Bengal Jail Dietar.es, 1910, wo “1 

little of real value The publication, therefore, of the following tables of T I 
may prove of interest to all those whose dutv or melmo+i ° of analyses 

administration or the study of dietetics in India The AZTlTT H ° SPltaI 
carried out m the School of Tropical Medicine tl 1P i a analyses were 

of the Chemical Examiner to l Govert^ of Ben”d ° T 7 ? V 

rlSeZrttr ,M ° al0r,fie ™ lMS - b ”‘ analyses weieneccstary 

Tab, I dea,s with m lUt analysis, the tables themse.ves are self-explanatory _ 
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Table I 


Mill analysis 


Samplo 

No 

Fat 

per cent 

Total 

solids 

i 

Solid not 
fat 

Ash 

per cent 

i 

CaO 
per cent 

1 

j 

Alkalinity j 

1 

Calorific 

1 value (in 
! large calo 
ries) on 
dried 
samples 

1 gramme 


1 

I 

56 

1 

| 15 26 

9 66 

0 72 

0 21 

24 4 1 

! 

6 22 


2 

49 

14 12 

9 22 

0 66 

0 18 

22 6 

615 


3 

1 

55 

14 78 

9 28 

0 67 

018 

23 6 

6 09 

% 

o 

4 

53 

14 93 

9 62 

0 76 


19 2 

6 27 

o 

5 

63 

16 05 

9 75 

0 SO 


19 2 

6 31 


G 

1 6 

11 84 

10 24 

0 83 ; 


18 9 

516 


B 

52 

14 94 

9 74 

1 

0 75 

1 

0 21 

19 5 

GIG 

CO 

p 

8 

12 3 

21 42 

i 

9 12 

0 73 

0 21 

12 8 

7 22 

$ 

p 

fe 

W 

9 

7 5 

16 43 

8 93 

0 69 

0 21 

213 

6 85 

10 

80 

16 91 

8 91 

0 74 

0 21 

25 3 

6 98 


Table II 


Calorific valve pei gtamme of original actual mill m big calottes 


Samplo No * 

Cows 

Btjitaloes 

1 

2 1 

3 

4 1 

i 

5 

6 

l 

7 

1 

8 

9 

1° 



0 87 

0 90 

0 94 

101 

0 61 J 

0 92 

1 55 

1 12 

1 18 



0 87 

1 

0 94 

0 93 

| 

1 03 

0 61 j 

0 93 

1 57 

1 11 

! 1 15 


* Samples Nos 1 to 3 are tlie figures for mixed samples 
Samples Nos 4 to 5 are for individual animals 
Sample No 6 is a samplo of foremilk 
Samplo No 7 is from an individual animal 
Samples Nos 8, 9 and 10 are from indnidual buffaloes 

Alkaliuita figure is the number of c c of N/10 acid required to neutralize the asli of 100 gramme 3 
of tho sample 
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Calorific values are given m big calones on the formula 
S N F x_4j> F x_9_4 _ Q a ] Vft ] uc 0 f i gmnimo of ougmal milk 

The next senes of tables shows the analyses of samples of cow ghee tin ec 
samples of which tmc done in duplicate, and also an analysis of the insoluble faffy 
acids earned out on the same samples The last table m this senes shows the 
calonfic values obtained from these samples (Tables III, IV and V) 


Table III 


Analysis of samples of cow ghee 



(1) 

(1) 

(2) 

(2) 

(V 

Todine value 

34 2 

34 3 

30 2 

30 8 

27 9 

Saponification value 

2?G 5 

227 

227 7 

228 3 

22G 5 

Refractometer reading at 40°C 
Sp Gr 99°/lo5° 

Hehner value 

Reichert Wollny value 

90 1 

22 9 

43 0 

0 914 

90 9 

2G G7 

41 9 

0 914 

SO 2 

23 5 


(*) 


28 1 
227 
4} 0 
0 011 


Table IV 

Analysis of insoluble fatty acids ( cow ghee ) 



(1) 



(2) 

(3) 

Todine value 

Saponification value 

Melting point 

Titre value 

37 5 

222 1 

40°C 
38 8 

37 3 
221 4 

33 9 

232 5 

41°C 
39 5 

34 1 
233 2 

30 J0 3 

218 1 217 4 

43°C 

40 1 


Table V 

Calorific values f oi cow ghee, in laige calones pci gianmc 


Samples 

(1) 

(1) 

(2) 

(2) 

(3) 


9 41 

9 41 

9 39 

9 41 

9 41 


(3) 


9 40 


Burma nee, country rrce and Balamxice The average] 11 “T* °' ^ ° f 
t he same as determined by Captain JlacCay i M s ®, , ° 'T’™ '““Positions of 
Hie calorific values of the samples as received from t W° ,°T ^ “ add,t '<"> 
samples The calorific values shown m Bantam M n , mi ' riet a,ld on (he dncd 
mined by Benedict Upta,n Mac( Vs tables ale those deter- 
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Table VI 

Showing the aveiage chemical composition 
(Determined by Mr Bannerjee ) 
j Rice 



Pat | 

Moisture | 

i 

Ash 

Brotem 

Carbohydrate | 
by difference 

Calorific 

i nlue * 


t 




* 

(1) an 

id (2) 

Burma Rice 

1 08 


1 05 

6 10 

81 67 

3 75 

4171 

Country Rice 

1 8 

9 9 

1 03 

5 47 


3 74 

4 150 

Balam Rice 

1 2 


1 04 

7 12 

80 24 

3 79 

4179 


[Taken fiom Capt MacCaifsfiguies) 


Burma Rice 

mm 

mm 

1 34 

6 95 

77 25 

3 820 

Country Rice 

Hfl 

m 

1 32 

6 86 

78 85 

3 824 


* Calorific values (1) and (2) m large calories per gramme 

(1) = Heat of combustion on the sample as received 

(2) = Heat of combustion on tho dried sample 

Table showing the actual calonfic values as determined by the Malilei Bomb 
calonmeter 


Table VII 


Calorific value of samples as re 
ceived m large calories per 
gramme 


Calorific value of dried sample 
m large calones per gramme 


Burma Rice determined on 1 
three samples 


Country Rice determined on 1 
three samples j 


3 714 
3 742 
3 734 
3 790 
3 762 
3 766 


l Average = 3 75 


3 725 
3 713 
3 7S7 
3 780 
3 730 
3 724 


. Average = 3 74 


[4 171 


4150 


Balam Rice determined on 
three samples 


3 780 
3 745 
3 788 
3 784 
3 818 
3 871 


Average = 3 797 


( 4 173 
} 4 185 
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The next series of tables deal with atta (white and hi own ) , the figures obtained 
by Captain MacCay aie also shown Calorific values as obtained fiom the actual 
samples (1) and also aftei diying of the samples (2) are included 

Table VIII 


Alia 



Fat 

Moisture 

i 

Ash 

Protein 

Carbohjdrato 
by difference 

Cnlonfic values* 
(in large calories 
per gramme) 






a, 

(2) 

Atta (white) 

10G 

11 1 

0 69 

78 

79 35 

3 83 

4 1G 

Captain McCay’s 
figures 

2 18 

11 S3 

243 

12 24 

70 92 

4 0 

17 

Atta (brown) 

24 

11 09 

1 98 

98 

74 73 

3 98 

4 36 


*{]) Determined on substance as received (large calorics per gramme) 
(2) » » dried „ „ „ „ 


Table IX 
Alla 


Calorific values of samples as 
received (in large calories per 
gramme) 


Calorific v allies of dried samples 
(m large calorics per gramme) 


Atta (white) determined on 
three samples 


3 SIS I 
3 835 
3 872 1 
3 821 ' 
3 843 
3 841 , 


Average = 3 83 


14 144 
\4 177 


Atta (brown) determined on J 
seven samples I 


3 837 
3 786 
3 905 
3 921 
3 980 
3 956 
3 S39 
3 836 “ 
3 944 
3 928 

3 982 

4 009 
3 921 
3 938 


Average = 3 98 


4 319 v 
4 367 
4 314 
4 415 
4 450 
4 420 
4 340 
4 307 


Average = 4 3GG 
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The next senes of tables are concerned with various varieties of dal both 
as regards analytical figures and actual calorific values Captain MncCaj’s 
figures are also given 


Table X 

Dal 



Pat 

Moisture 

Ash 

1’iotem 

Carbohydrate 

Calorific 
value of 
samples 
as 

received 
(in big 
calories) 

Calorific 
valuo of 
dried 
samples 
(in big 

calorics) 

Gram Dal 

6 35 


2 15 

20 57 


416 1 

4G4 

Mattar Dal 

1 90 

8 17 

2 68 

i 

22 28 

64 91 

3 81 

414 

Mussur Dal 

1 08 

8 61 

1 95 

24 69 

63 77 

3 82 

415 

Sonamug Dal 

1 75 

87 

3 72 

25 95 

69 88 

3 92 

44 

Arliar Dal 

1 62 


3 94 

22 78 


3 86 

42 

Kalai Dal 

1 37 

9 34 

3 44 

I 

21 02 

64 83 

3 84 

4 37 


Similar samples until Capt MacCai/s analysis 


Gram Dal 

4 31 

10 07 

3 72 

19 94 

51 13 

4 285 

Mattar Dal 

1 96 

10 90 

3 00 

22 01 

53 97 

4 075 

Mussur Dal 

3 00 

10 23 

3 33 

25 47 

55 03 

4 059 

Sonamug Dal 

2 09 

10 87 

3 57 

23 62 

53 45 

4 051 

Arliar Dal 

3 33 

10 08 

5 50 

21 67 

54 27 

4 083 

Kalai Dal 

1 10 

10 87 

3 G1 

22 58 

58 02 

4 038 






A 1) Stewmt, T C Boyd and J) C De 


Table showing the actual calonfic value as cleteimincd on the Mahlei Bomb 
caloiimeter 

Table XI 


Calonfic value of samples os Calonfic •value of dned samples 
rcceiv ed (largo calories (largo calorics per 

per gramme) gramme) 


Gram Dal determined on 
tliree samples 


Mattar Dal determined on j 
three samples 1 


Mussur Dal determined on 
three samples 


Sonamug Dal determined on 
three samples 


Arhar Dal 


4 20G) 
4 212/ 
4 1771 
4 171/ 
4 009 \ 
4 074) 

3 814' 
3 Sll / 
3 SOOl 
3 810/ 
3 S07 \ 
3 822) 


3 955 } 
3 959 
3 920 1 
3 928 
3 876 1 
3 888) 


Average == 


Average = 


Average = 


Average = 


Average = 


14 017 

1 1 on 


{4 440 
14 451 


Kalai Dal 


Average = 


I 4 374 
l 4 360 


The next senes of tables deal with mustard mlnnU T~ 
analysis of the oil obtained from various SMnnlestlia f ^ 0,1 

acids and the calorific valnes obtZT m FH the analysis °f, the insoluble 1 fatty 
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In these samples the only object was to obtain calorific values, and the 
detailed chemical analyses are supplementary to this In the sample of mustaul 
oil the iodine values found are somewhat on the high side 

Table XII 


ChemiQcil analysis of samples of mustaul oil 



(!) 

(2) 

(3) 

Saponification value 

1 

171 1 171 2 

171 S 172 6 

1718 172 3 

Iodine value 

107 2 107 0 

105 4 105 7 

10G 2 10G G 

Refractometer reading at 40° C 

59 8 

5S 7 

59 0 

Sp Gr 15 5°C/15 5°C 

0 920 

0 921 

0 921 

Helmer value 

94 5 

93 8 

94 0 

Analysis of 

Table XIII 

insoluble fatty acids ( mustard oil samples) 


(1) 

(2) 

(3) 

Iodine value 

109 5 110 0 

105 9 105 9 

109 2 H0 0 

Saponification value 

177 9 178 5 

179 1 179 2 

178 0 178 2 

Melting point 

20 5 

19 5 

19 5 

Titre value 

17 9 

17 0 

17 5 

Table XTV 

Calorific values obtained on samples of the oil (m small calones per gi amine) 


(I) 

(2) 

(3) 


| 9,72G G 9,755 0 

9,917 5 9,872 0 

9,743 5 9,810 0 
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Table XV 

Chemical analysis of samples of (pound nvt oil 


083 



(1) 

(2) j 

(0 

Saponification value 

191 7 

191 9 

187 0 

187 1 i 

1 

187 0 

187 2 

Iodino vnluo 

86 0 

86 2 

89 3 

89 5 

89 1 

89 4 

Rcfractonicter reading at 40°C 

133 7 


55 4 


51 9 


Sp Gr 15 5°C /16 C°C 

0 915 


0 917 


0 917 


Heliner value 

95 7 

95 9 

96 0 

96 2 

| 90 3 

90 3 


Table XVI 


Analysis of insoluble fatty acids ( gioiivd nut oil) 



(1) 

(2) 


Iodino value 

89 4 

89 8 

94 0 

1 

93 9 

9)0 

92 9 

Saponification value 

200 0 

200 0 

195 9 

196 3 

192 8 

193 2 

Melting point 

33-37 


34-37 


35-37 


Titre value 

27 9 


30 0 


29 0 



Table XVII 


Oalonfio values obtamed on samples of lie oil (gmmi nut ml) ,n small cal ana 

per gramme 


9,618 2 


9,622 6 


9,649 6 


9,728 9 


9,682 4 


9,637 4 
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The next senes of tables deal with samples of mger seed oil, white and black 
sesame seed oil, the analysis of the samples the insoluble fatty acids and the 
calorific values obtained 

Table XVIII 


Chemical analysis of mgei seed oil samples 



(1) 

(2) 

(3) 

Iodine value 

139 1 

139 6 

138 9 

139 4 

140 0 

140 4 

Saponification value 

190 5 

191 1 

192 1 

192 6 

192 8 

193 1 

Refractometer reading at 40°C 

63 3 


63 0 


63 2 


Hehner value 

96 3 

96 3 

96 3 

96 4 

96 0 

90 0 

Sp Gr 15 5°C/15 5°C 

0 926 

0 926 

0 925 


Table XIX 

Insoluble fatty acids ( mger seed oil) 



(1) 

(2) 

(3) 

Iodine value 

143 7 144 4 

143 3 143 3 

145 6 145 5 

Saponification valuo 

194 7 195 2 

197 6 197 7 

190 0 199 1 

Melting point 

27 0 

27 0 

27 0 

litre value 

23 5 

23 3 

23 G 


Table XX 

Calonfic tallies obtained on the samples in small calories pa gramme ( „igcr seal oil) 



J D Slewed l, T C Boyd and V C J)e 

Table XXI 


Chemical analysis of samples of while scasamc seed oil and blacl sea same 

seed oils 



\\ Into 

Blnclc 



(1) 

(2) 

Iodine valuo 

10S 3 108 8 

' i 

109 7 109 5 j 

108 0 109 1 

Saponification valuo 

192 1 192 7 

190 0 190 3 | 

193 S 1910 

Refraotomotcr at 40°C 

58 9 

59 8 

59 1 

Sp Gr 15 o°C /1G 5°C 

0 923 

0 923 

0 922 

Hekner value 

95 7 95 S 




Table XXII 

Insoluble fatly acids of while and blacl samples of sesame seed oil 



White 

Black 



(1) 

(2) 

Iodine value 

112 G 113 2 

109 0 109 0 

112 1 112 4 

Saponification value 

201 3 202 0 

202 0 202 8 

19SS 199 2 

Melting point 

28 5 

28 29 

28 0 

litre value 

23 1 

24 0 

210 


Table XXIII 


Calonfic values of the samples in small calones pci gi amine 


White variety 

9,625 2 

1 

9,655 8 

1 


Black vanetv 

9,467 2 

9,485 9 

9,669 7 

9,660 0 


xr , Th<! f r the result of an anal 3™ ° f ordinary diets (European 

ndu and Mahommedan), as they were issued to patients without any cxtns m a 

large general hospital The detailed analyses are given as well as the c aLfic Xs 
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determined on actual cooked samples It is interesting to note that tlie European 
ordinary diet is lowest m calorific value, tlie Maliommedan being highest The 
comparative totals of the individual basal items are also of interest 


Table XXIY 



European 

Hindu 

Maliommedan 

i 

Ash 

15 57 grammes 

I 

19 16 

19 23 

CaO 

0 899 

1 26 

1 25 

Protein 

SI 36 

80 9 

87 4 

Fat 

57 64 

30 3 

38 1 

Calorific value 

2,114 6 

2,594 5 

2,637 0 


The European diet has the highest fat content but is much lower mcarbo- 
hydiate and m calcium The extra calories m the case of the Maliommedan diet 
are produced mamly by the greater amount of protein and fat 

Table XXY 


Analysis of hospital diets ( Maliommedan ) obtained fi om cooled samples 


Article 

No 

Quantity 

Asb 

content 

CaO 

content 

Protein 

content 

Fat 

content 

Moisture 
per cont 

Rice country 

3 

48 oz 

1 63 

0 68 

17 6 

54 

77 G8 

Dal 

10 

18 „ 

10 7 

0 1 

36 7 

20 

81 50 

Fish (fried) 

2 

24 „ 

25 

0 06 

18 9 

41 

60 3 

Beef 

1 

7 „ 

24 

0 07 

20 8 

23 6 

70 2 

Vegetables 

2 

4 „ 

2 4 

0 09 

1 1 

32 

85 9 

Brov n bread 

2 

4 „ 

1 30 

0 11 

84 

82 

20 1 

Sugar 

2 

i „ 






Milk 

7 

4 „ 

0 80 

0 21 

3 8 

5 5 

85 5 

Totals 



19 23 

1 25 

87 4 

38 1 
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Table XXVI 

Calonjic values of above diet 



Rice, country 
Dal 

Fish (fried) 
or 

Bcof 

Vegetables 
Brown bread 
Sugar 
Milk 


No Quantity 


48 07 
18 „ 
n „ 

7 „ 

4 „ 

4 

1 „ 
4 „ 



Cnlonfio valuo (in 
largo calorics) 



Table XXVII 

Analysts of hospital diets {Hindu) obtained fiom cooled samples 



48 oz 
18 „ 
5 „ 
21 „ 
4 „ 
4 „ 

I „ 
4 „ 


Ash 

content 

CiO 

content 

1 G3 

0 68 

10 7 

0 10 

35 

0 08 

25 

0 06 

24 

0 09 

1 3 

Oil 

0 83 

0 21 
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Table XXVIII 
Calonfic value of diet 


Article 

No 

Quantity 

Calorific value 
(m laTge calories) 

Rice, country 

3 

1 

4S oz 

1,281 7 

Dal 

10 

IS „ 

417 5 

Fish and Soup 
or 

2 

5 „ 

190 5 

Fish (fried.) 

2 

2k „ 

171 9 

Vegetables 

2 

4 „ 

73 3 

Brown broad 

2 

4 „ 

454 7 

Sugar 

2 

1 99 

84 2 

Milk 

7 

4 „ 

101 9 

Total 


i 

2,594 5 


Table XXIX 


Analysis of hosjntal diets ( Euiopean ) obtained fiom cooked samples 


Article 

No 

Quantity 

*■ 

Ash 

content 

CaO 

content ' 

Protein 

content 

Fat 

content 

Moisturo 
per cent 

Rice 

3 

12 

oz 

0 40 


| 

4 40 

1 

13 

77 69 

Dal 

3 

3 


1 8 


11 0 

0 04 

81 5 

Vegetables 

3 

8 


47 


22 

63 

SCO 

Butter 

1 2 

I 


0 34 


0 16 

17 24 

16 2 

Potatoes 

3 

14 


0 26 


0 9 

0 08 

80 0 

Pudding 

| 1 

90 

gs 

09 


7 6 

0 88 

43 0 

Sugar 

, 3 

2 

OZ 



1 

1 

35 6 

Milk 

7 

4 


0 83 

0 210 5 

3 8 

5 5 

Bread 

2 

t G 


2 04 

0 156 . 

15 60 

34 

60 0 

Mutton 

2 

5 

” • 

2 10 

0 057 

14 4 

17 3 

and 







811 

Fish 

3 

! 4 

99 ^ 

3 96 

0 09 | 

30 1 

66 

or 









Fowl 

2 

4 


1 47 

o 

o 

14 1 1 

121 

79 2 

and 








79 2 

Beef 

1 

5 

99 

1 69 

0 054 

14 8 

14 8 

or 



■ 





60 0 

Beef 

1 

1 5 


1 69 

0 054 

14 8 

14 8 

and 


1 

i 

1 




85 5 

risk 

3 

O 

! 

99 

1 

1 98 

. i 

0 045 

15 0 

3 3 

Totals 


! 

i 

i 

15 57 

0 899 


■ 

57 64 
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The estimations, the results of -which are reported below, m ere carried out by 
the junior water during a study of the sedimentation rates of the erythrocytes m 
various diseases, especially with reference to the variations m tins rate at different 
external temperatures Although these estimations had been carried out in cases 
of a number of different diseases, including kala-azar, the results were recorded 
as a whole and no attempt was made to differentiate them according to diseases, 
so that when — m another connection — the senior writer wanted figures for the rate 
of sedimentation in kala-azar, reference had to be made to the junior writer’s 
original notes, which were fortunately available 

It was felt that it would be worth while making these results of the sedimenta- 
tion estimations m kala-azar cases available for future reference In most instances 
a number of estimations were done on the blood of the same patient at different 
periods, before, during, and after treatment, we therefore decided to correlate 
these estimations with the records of the progress of the patients and other observed 
clinical features As far as kala-azar patients are concerned no new estimations 
were earned out, because we did not feel justified m extending this inquiry 
We discovered, however that there were no records of sedimentation estimations 

( 691 ) 
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of the blood of normal persons by the method which had been adopted, 
and we therefore had such estimations m 30 apparently healthy individuals 
carried out for us by Mr N K De, b sc , the chemist attached to the leprosj 
department 

The technique — The technique used m the leprosy research department of the 
School of Tropical Medicine and Hygiene, Calcutta, is an adaptation of that 
used by other workers and is chosen because it makes it possible to test a 
large number of bloods at once with fan accuracy and with the expenditure of a 
minimum of time 0 3 c c of a 5 per cent solution of sodium citrate m distilled 
water is drawn into an all-glass 2 c c syringe , 1 2 c c of blood is drawn from 
the patient’s median basilic vein into the same syringe , a small quantity of 
air is taken into the syringe barrel, the blood and the citrate solution are then 
thoroughly mixed by reversing the syringe several times, and the mixture is 
evacuated into a clean test-tube If several patients are to be treated, their 
bloods are taken m a similar manner and placed in labelled test-tubes m a 
rack Sedimentation is carried out in 300 mm pipettes, graduated from above 
downwards, from zero to 100, with a space of 3 mm between each mark The 
content of the pipettes when filled to zero is approximately 1 c c but a variation 
of 0 05 c c is allowed, as such a variation makes no appreciable difference m 
the results The pipettes are placed upright m a rack with their points inserted 
into small holes bored m rubber corks 

One of these pipettes is taken from the rack and its upper end attached to a 
10 c c syringe by means of a rubber tube The point of the pipette is inserted into 
one of the test-tubes and, suction being applied by pulling on the piston of the 
syringe, the blood-citrate mixture is drawn up mto the pipette to the zero mart 
The pipette is then replaced m the rack, the point is again inserted in the lubber 
cork, which prevents the mixture escaping, and the rubber tube is disconnected 
from the pipette In this way the other pipettes are filled up to the zero mark 
from the other test-tubes 

The top level of the erythrocytes is read off after l\ hours and again after 
21 hours , the average of these readings is taken as the sedimentation index 
Thus, if the top level of the blood cells falls to 10 (30 mm) after 11 hours and 
to 20 (60 mm ) after 21 hours the sedimentation index will be the average of 
10 and 20, l e ; 15 In the present series of observations the pipettes were in 
all cases kept m the incubator at a constant temperature of approximately 
37°C 

The eontiols — These were (a) persons undergoing anti-rabic treatment who 
had no extensive or septic wounds, and ( b ) healthy servants at the Gobra Leper 
Asylum Of these controls, two gdve readings three times that of the mean of the 
v hole group One of these men was subsequently found, on enquiry, to be suffering 
from acute gonorrhoea, and the other from repeated attacks of malaria These two 
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subjects are not noiinal , we consider theiefoie, that we arc justified m excluding 
these readings m calculating the mean 

The lala-azm patients — These weie all patients in the Carmichael ITospita 
for Tropical Diseases under the charge of the senior writer In every instance the 
diagnosis had been made by demonstrating the parasite of the disease, either m the 
blood or m the spleen-puncture material, by direct or by cultmnl methods 


Tun RESULTS 

(j Recorded as sedimentation index units , see aboic ) 

Conti ols — The two estimations that wcie considered to be definite]} abnormal 
weie 50 0 and 48 25, of the remaining 28 the mean was 13 455, the standard 
deviation 7 101 

Kala-azai — Of the 16 single estimations on 16 untreated kala-azar patients 
the mean was 67 675, and the standard deviation 15 665 The highest figure was 
82 and the lowest 13 This last figure is exceptionally lorv, as the next highest 
figure is 54 , if it is excluded the mean wall he 71 320, and the standard deviation 
7 609 

It wall be seen that the mean m the kala-azar cases is very far removed 
from the mean of the supposed-normal persons In only one instance did 
a kala-azar patient give a reading low r er than the highest of the supposed 
normals, this was a very early case of the disease m which all serum tests 
were negative, but m which the parasite had been recovered from the blood 
by culture 

These observations might suggest that the estimation of the sedimentation 
rate of the red blood cells could be used as a diagnostic method m kala-azar 
It is probably true that m no disease is the sedimentation late so markcdlv 
accelerated as it is in kala-azar, hut there are a number of conditions, some 
of which simulate kala-azar clinically, m W'hieh the sedimentation rate is also 
considerably accelerated 


Variations in the sedimentation rate in the same patient 

In three patients a number of estimations were done pnor to the administration 
of antimony The results are shown graphically on Chart 1 It will be seen that in 

» remarkably constant, the means being 
78 60 and 6o 84 and the standard deviations 2 60 and 1 04, respectively The third 
was a eongcmtally-syphihtic patient H,s Wassemann reaction was positive so 
he was given a coarse of Sulfarsenol , after this most of Ins clinical of 

kala-azar disappeared, bat as parasites were still found in his solo™ P , 
he was later given a course of motions and dSa^d ^ Int^ caT 
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obvious that syphilis played a great part m the acceleration of the sedimentation 
rate 

Chart 1 

No antimony treatment 

Days 



The prognostic significance of the sedimentation-rate curve 
The patients have been divided into two classes, those who progressed well 
clinically and were eventually cured, and those who did not progress well clinically 
and to whom further injections were given, or who relapsed 

Single estimations — The mean of the single sedimentation-rate estimations m 
the former group is 66 91, or, if the case m which the estimation is 13 be excluded, 
72 90 , of the latter group the mean is 72 05 It is, therefore, clear that single 
estimations do not demonstrate any significant difference between the ca^es m the 
two groups 

The sedimentation uite before and after treatment — In no instance did the 
sedimentation rate return to noimal during the period of observation Even in 
the cured-case group, excluding the one case m which the sedimentation index was 
only 13 before treatment, the mean of the final estimations was 50 20 units 

In this series the estimations were not done at any constant interval after the 
completion of the course of antimony injections so that no very definite conclusions 
can be arrived at, but by comparing the first and last estimations m cases in which 
tieatment was given it can be shown that there is a mean fall of 19 98 units for the 
patients who were cured by the treatment, and only 9 90 m those who did not 
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progress well clinically, or who relapsed In one of the lelapsing cases a drop of 32 
units m the sedimentation rate was shown and in anothei in wlucli rapid cure uns. 
effected there was actually a rise m the sedimentation rate after the course of 
treatment These anomalies, together with the fact that in few of the cured cases 

Chart 2 


Good clinical pogicst, 


/dl Days 



was&ere any marked drop m the sedimentation rate dim™ « 

tion— which m most eases was longer than it is norm pH ' ie perJod of obsem- 

m hospital-lead one to the conclusion that this test is t0 kecp paflents 

of any piognostic significance unlikely to piovide a cn tenon 
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Repeated estimations dunng the com se of treatment — We shall consider first the 
cases in. which the clinical progress was good and eventual cure without further 
treatment occurred (Charts 2 and 3) , as the estimations were done once weekly it 
was not possible to say exactly at what point the sedimentation curve commenced 


Chart 3 

Good clinical piogiess 

<e) Days 



=093 B injections 
x = Fall of temperature to normal 
A s= Afebrile throughout, 

its downwaid tendency, but in 4 instances (a, d, q and h) this was obviously during 
the coarse of tieatment, whereas in three instances (c, e and f) the fall was delaved 
for some little time after the tieatment had been completed, in one mstanee {h) the 
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downward tendency was only slight and it was not clear when it commenced, and in 
the last instance (?) the sedimentation rate, winch was noimal before treatment, 
showed a tendency to mcieasc 


Chart 4 


Unsahsfactonj clinical piocjicss or iclapic 

(c3 ) 0*ys 



In the other group (Chart 4), the downward tendency of tho „„„ 

only very slight [(a) and (c)], or the initial fall was rZdlv foil i 7“ ^ 

[(b), (d) and (e)] In the case of (/) of Chart 4 a patient who f ! ^ 7 a nse 

before, it was not until the third course of treatment 0 11,1(1 reIa P sed ^peatedly 

or treatment was being given that there 
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was any appieciable fall in the sedimentation-rate cuive, and even then it again 
took an upward turn 

Although there is a distinct difieience between these two groups of curves, as 
groups, there is no constant feature in each individual curve which would enable 
one to place it definitely m one group or m the other , compare, for example, 
Case (&) of Chart 2 with Case (c) of Chart 4, or Case (/) of Chart 3 with Case (/) of 
Chart 4 Therefore, no evidence of prognostic significance is likely to be obtained 
by carrying out a series of estimations m a patient under treatment 

Sedimentation ?ale w 7 elation tb the ‘aldehyde ’ reaction — Of the above cases, 
13 out of 16 gave a definitely positive aldehyde lesult, and the other 3 a (-]-) 
reaction, a result which is classed as ' doubtful, probably kala-azar ’ , m one of 
these three patients the sedimentation index was 63 00, that is, well below the 
mean for kala-azai patients, m another [Chart 1, Case (c)], 54 40, falling to 24 70 
without antimony tieatment and without any change occurring m the aldehyde 
reaction (this was the congcmtally-syphilitic child leferred to above), and m the 
third, 13 00, which is just about the normal mean It is thus obvious that there 
is some association between the aldehyde reaction and the sedimentation time, 
but these few obseivations indicate that the latter does not give more reliable 
diagnostic information than the formei Therefore, as the aldehyde test is much 
more easily performed, we do not think that its displacement by the sedimentation- 
rate estimation for routine diagnosis need be considered 

Relationship of the sedimeniation bate to the temperature 

OF THE PATIENT 

In three instances the patients were nfebule throughout the course of treatment, 
in these nearly all the sedimentation estimations weic high, 12 out of 16 registering 
qver 60 In three other instances the patient was febrile throughout ; m two of 
these the sedimentation index fell temporarily below 60 Of the remainder, m 4 
instances the fall of temperature was coincident with the fall m the sedimentation 
rate, m 4 the fall m the former was not accompanied by any marked fall m the 
latter, and m one, afebule at the beginning of treatment, the onset of a febrile 
reaction was accompanied by a slight use in sedimentation xate Fever and a high 
sedimentation rate both occur m kala-azar, and both tend to disappear with treat- 
ment , it ib, therefore, natural that there should be some association between the 
two However, the association is certainly insufficient to warrant the assumption 
that they are interdependent 


Summary 

Estimations of the erythiocyte-sedimentation rate in normal persons and m 
kala-azar patients have been carried out by a prci lously-dcvised method , tins 
method is described 
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Tlic sedimentation indices of 28 appnicntly-hcalthy controls have a mean of 
13 455, and a standaid deviation of 7 101 

The sedimentation indices of 1G untreated kala-azai patients have a mean of 
G7 675 and a standard deviation of 15 GG5, oi, excluding one abnormally low reading 
of 13 00, the figures arc 71 320 and 7 509, respectively 

In cases m which the estimation was made scveial times at weekly intervals in 
the same patient prior to treatment being administered, the results were very 
constant 

The means of the sedimentation indices m the cases m which progress was 
favourable and m those m which it was not favourable were practically the same 
A more marked fall m the sedimentation index aftei treatment was noted m 
the cases m which piogress was favourable than in the others, but the difference 
was not great 

There appears to be some association between the sedimentation rate and the 
degree of intensity of the aldehyde reaction m kala-azar 

There appears to be no association between the temperature of the patient and 
the sedimentation rate 


Conclusions 

Though the sedimentation late is probably greater m kala-azar than m any 
other disease, it is concluded that the estimation of this rate is unlikely to prove a 
measure of any practical diagnostic value 

It is concluded that no information of any prognostic significance will be 
obtained by carrying out either a single estimation, or a senes of estimations in a 
kala-azar patient under treatment 
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D’Herelle and Ins co-woikers (1930) suggested tliat a strong and lasting 
immunity against cholera m man could be conferred by a single injection of 1 c c 
’phage lysate of the corresponding vibrio This statement is probably based on 
reported protection against ‘ Barbone ’ induced in buffaloes by injections of the 
’phage lysate of B boviscpticus The type of immunity produced by injections of 
cholera ’phage lysate should be either antitoxic or antibacterial or a combmatioh 
of both As the bulk of bacterial bodies in a lytic filtrate undergo complete dis- 
solution one would naturally expect to find m it moie of the disintegration products 
of organisms (the so-called endotoxins of vibno m this case) than intact 
bacteria themselves, m addition to bar teriophage protobes which grow at the 
expense of these organisms Before attributing any property of inducing 
active antitoxic immunity to such filtrates it must be proved that they 
contain potent toxins as weak toxins can never act as satisfactory antigens 
(Kolmer, 1925) 

In order to verify the toxicity of a virulent cholera ’phage lysate we 
prepared a filtrate containing the lysed products of the maximum numbei of 
cholera vibrio m a constant volume This was obtained by inoculating varying 
amounts of a young culture of cholera vibrio to a series of broth tubes and a 
drop of virulent cholera ’phage added to each of these tubes 

( 701 ) 




Note — U C = Uncountable 
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The tube receiving the maximum amount of cholcin cultuic and at the same 
time showing complete clearance after 24 hours was used as the ’phage lysate for 
toxicity and immunity tests 1 to 3 c c of ’phage lysate raised by the above 
method was inicctcd subcutaneously in a senes of 3 labbits approximately of 
the same w eight, while 3 similar rabbits receiving no injections were kept as 
controls All the animals were carefully obseived foi two weeks and none of the 
injected animals behaved in any way differently from the healthy controls After 
15 days all 6 rabbits weie given intravenously 1G,400 millions each of killed 
cholera vibrio equivalent to U times the calculated minimum lethal dose per 
rabbit All of them developed dianhoea, collapsed and died in 24 hours From 
the foregoing obseivations it can be safely concluded that the phage lysate of 
cholera vibrio in 1 to 3 c c doses subcutaneously was innocuous to labbits and 
used as an antigen it couVl not protect them against, H times the nnnynal lethal 
doses of dead cholera vibno given by the intravenous route 

It was then considered that a combination of the homologous ’phage lysate 
with the standard cholera vaccine might be of distinct advantage as a prophylactic 
agent, as stimulation of opsonms, antibacterial, and antitoxic principles (d’Herelle 
IMG) has been attributed to ’phage lysates used as antigens To test these two 
series of rabbits each containing 6 animals were selected The ‘ A ’ series 
received each subcutaneously 1 cc and 10 days latei 1 c c of standard cholera 
vaccine containing 8,000 millions of killed vibrio per c c The ‘ B ’ series received 
each subcutaneously ; ,cc of standard choleia vaccine plus 1 e c of corresponding 
’phage lysate and 10 days later 1 c c of cholera vaccine plus 1 cc of ’phage lysate 
The animals of both senes were bled 2 weeks after the second inoculation and their 
blood sera tested for agglutmogemc response by Harvey’s technique (Harvey, 1920) 
and for bactericidal response by Hans Zmssei’s method (Hans Zinsser, 1925) The 
result of observation has been summarized m the opposite table 

Summary 

(1) The ’phage lysate of cholera vibrio in 1 to 3 c c doses subcutaneously is 
innocuous to rabbits 

(2) Used subcutaneously as an antigen the phage lysate of cholera vibrio 
after a fortnight does not afford any protection to rabbits against 1 5 times 
minimal lethal doses of cholera vaccine given by the intravenous Tonte 

(3) The addition of corresponding ’phage lysate to the standard cholera 
vaccine does not seem to enhance the bactericidal powei of immune sera of 
experimental rabbits 

(4) Agglutination titres of immune cholera sera raised undei the above experi- 

mental conditions are not always proportional to the bactericidal efficiency of 
those sera in vitio, J 
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THE PENTAVALENT COMPOUNDS OF ANTIMONY IN THE 
TREATMENT OF KALA-AZAR 

Part VI. 

A COMPARISON OF RESULTS WITH DIFFERENT COMPOUNDS 

CORRIGENDA 

In paper entitled ‘ A Note on the Expectation of the Rclati' e Prevalence of 
Plasmodial Species when this is based solelj on the Relative Output of Gameto 
oytes ’ by Lieut Colonel S H King, IMS, m the October 1931 (Vol XIX, 

No 2) number of the Indian Journal of Medical Research, on page 354 the follow 
ing corrections should be maerted — 

3rd line of the first table last column for y 7 ' read yz 

In the second and third lines of the Becond gronp of tabulated figures 
for x = n read x = ~ 

In the third line of the third group of tabuluh d figures 
for A — 1 read A — 1 

In the last table last column the last set of figures, ^ T — 1 j etc are 
powers, not factors 


Uliw JJUIU1UUU »» Miu wwv/ VI uwr*iivw. *-XA. vuwii itiuuiA'iiWV nuv uoilt-o MUO CL LU I f t j J^t-1 It t>JL \ 

large one , the numbers were 104, 61, 52, 70, and 57, respectively The treatment 
was carried out between July 1923 and July 1926 as the various drugs became 
available 

Classification of result 

In analysing the results of treatment m an acute disease, such as pneumonia 
the cases can be divided into those m which the treatment failed and death occuried* 
and those m which treatment was successful and the patient recovered but m 
the treatment of kala-azar four things may happen the patient may (i) b e cuied 
and subsequently remain free from the disease, (n) undergo apparent cure and 
relapse later, {in) show no improvement at all and be discharged m the same state 
as he was admitted, or (iv) he may die during the course of treatment Tt 
J, mr . ( 705 ) 18 
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Introduction 

In the earlier papers m this series the results of tieatment by the more 
important pentavalent antimony compounds that are used in kala-azar have been 
analysed The cases in these five series were unselected patients under hospital 
control, they were all treated under identical conditions, the diagnosis was in 
every case made by demonstrating the parasite, the temperature and wemht 
records were accurately kept, on discharge a blood count and spleen or liver 
puncture was done, and in a very large percentage of cases the subsequent history 
of the patient was ascertained In each instance the series was a comparatively 
large one , the numbers were 104, 61, 52, 70, and 57, respectively The treatment 
was carried out between July 1923 and July 1926 as the various dnms became 
available ° 


Classification of result 

In analysing the results of treatment m an acute disease, such as pneumonia 
the cases can be divided into those m which the treatment failed and death occurred’ 
and those in which treatment was successful and the patient recovered but 
the treatment of kala-azar four things may happen the patient may (%) be cured 
and subsequently remain free from the disease, (n) undemo anna re, to ! 

relapse later (m) show no improvement at all and be discharged m the same^af 
as he was adapted, or (») he may d,e durrng the course of treatment It * 
5 • ( 705 ) 
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permissible to group the second and third class of results together, but — m the 
writer’s opinion — the deaths should be considered separately 

When the antimony tartrates only were used m the treatment of the disease we 
were inclined to think that deaths were inevitable and not m any way connected 
with the drug used, but more recent experience has changed our opinion on this 
point , deaths during treatment by the more satisfactory pentavalent compounds 
are rare, averaging less than 5 per cent, against 12 per cent to 25 per cent and even 
higher with the tartrates Had the patients received no treatment probably 90 
per cent would eventually have died, but it is doubtful if the death-rate within the 
period of two months — the time normally taken for the full course of antimony 
tartrate treatment — would have reached even 12 per cent, to quote the lowest 
figure It is, therefore, almost certain that m the case of this drug death was 
hurried by treatment 

On the other hand, the fact that the same drug was administered in even larger 
doses to a very large number of persons suffering from oriental sore and from 
filariasis without causing deaths shows that the deaths were not due to the action 
of the drug on normal tissues , it is, therefore, apparent that the deaths occurring 
in cases of kala-azar m which the tartrates were given were due to their action on 
organs already extensively damaged by the disease In the case of the more satis- 
factory pentavalent compounds it is apparent that the drug has very little adverse 
effect, even on the damaged organs There is, for example, no evidence that there 
is any relationship between the amount of drug given and the deatli-rate, and the 
writer has shown elsewhere that huge doses of one compound may be given within 
a very short period without causing any ill effects clinically Furthermore, m no 
instance m this series did the patient die immediately after the injections and 
only in one within 24 hours of an injection 

In this series the death-rate varied according to the drug used, so that it is a 
point which must be taken into consideration when the suitability of a drug is being 
appraised However, the absence of any direct association between the 'dmount 
of drug given and the death-rate suggests that the deaths which happened to occur 
after a particular total dose of the drug had been administered should not be 
associated with that particular dosage and added to the relapse for that particular 
dosage, but should be considered as a constant for the particular drug and be added 
to the relapse-rate for each particular total dose of that drug, when the probable 
recovery rate for any particular total dose is being calculated For example, if for 
a drug ' x ’ the death-rate is 10 per cent, the relapse-rate 10 per cent for 5 grammes 
and 20 per cent for 3 grammes, the recovery rate for 5 grammes and 3 grammes 
would be, respectively, 81 per cent (l e , 100 less 10 deaths less 9 relapses) and 72 
per cent (i e , 100 less 10 deaths less 18 relapses) Therefore, m all the analyses 
of the results obtained with the five different compounds the death-rate and 
relapse-rate have been considered separately 
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TlTE DEATH-RATE 

Some idea of tlic safety with winch a drug can he administered is obtained 
from lclativc toxicity expenments with animals Howcvci, tlic safety of a ding 
foi administration to kala-axai patients is not always m proportion to its minimum 
lethal dose m mice Eoi example, m mice the toxicity of Stibosan and Bayer G93 
are very much the same, the foimci being slightly moic toxic, yet m a senes of G1 
treated by the latter none died 

Of the five series of cases the dcath-iate during treatment was as follows — 


Table I 




Number in 
series 

Number 

dying 

Death rule to 
nearest figure 
per cent 

1 

Stibosan 

104 

11 

11 

9 

Bayer (593 

61 

0 


3 

Aminostiburen 

62 

2 

4 

4 

Urea stibaimne 

70 

4 

! 5 

5 

Stibauune glucoside 

67 

2 

4 

Total 

344 

19 

6 


From tins table it is apparent that Stibosan is certainly the most toxic drug, 
Bayer 693 probably the least toxic, whereas the other drugs are about equal and 
come somewhere between these two extremes 

What constitutes a cure ? 

The question then arises ‘ what constitutes a cure 5 ? The matter has been 
discussed at some length m previous papers of this series (Napier, 1926, 1927, 1928 
1929, 1929a) and elsewhere (Napier, 1924 , and Napier and Haidar, 1927), The 
usual criterion of cure m a parasitic disease is the disappearance of the causative 
parasite from the system, or the ' sterilization ’ of the patient The difficulty arises 
m the demonstration of the presence or otherwise of the parasite In diagnosing 
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the disease m an untreated patient there is little difficulty , the parasites are 
numerous and can be demonstrated, if not by direct microscopic methods, at any 
rate by cultural methods m at least 90 per cent of cases But during and after 
treatment they disappear, first from the peripheral blood and then from the spleen 
and liver A ‘ negative ’ blood culture has no significance whatsoever as the writer 
and others (Shortt, Das and Chiranji Lai, 1927) have demonstrated Experience 
shows that a ‘ negative ’ spleen punctilio culture is considerably more significant, 
but the fact that parasites aie not usually demonstrable m the spleen and yet abound 
in the slcin m that interesting condition, post-kala-azar dermal leishmaniasis, is 
proof that absence from the spleen does not mean that there are none in the body 
Furthermore, we have from time to tune failed to demonstrate parasites m a spleen 
puncture culture after treatment m a patient who has subsequently relapsed On 
the other hand, at the conclusion of treatment we have frequently demonstrated 
parasites m the spleen material of patients who have subsequently become ‘ steri- 
lized 5 (as far as it has been possible to ascertain by laboratory methods) without 
further specific treatment Apparently, the parasites are destro) ed slowly by the 
body reactions originally stimulated by antimony injections, and are not destroyed 
directly by the action of the drug, a great percentage of which is excreted within 
the first 24 hours of admmistiation (Boyd and Roy, 1929) Nevertheless, it does 
seem probable that the late of the disappearance of the parasite from the spleen 
could be used as a measure of the efficacy of a compound For this purpose, 
however, it would be essential that the same doses and time intervals should be 
observed The lmpoitance of the time factor is shown by the fact that at the end 
of a course of 30 injections of sodium antimony taitrate, comprising about 
2 grammes the liver puncture culture material is almost always sterile (Knowles, 
1920), whereas after 2 3 grammes of Neostibosan administered m the 8 days 
parasites are almost always present (Napier and Mullick, 1928 and 1929) , 
yet the latter is a more efficient course In the four senes under discussion 
neither the time nor the dosage have been constant so that this comparison 
cannot be made 

The parasitological method of predicting a cure having proved fallacious on 
both the positive and the negative side, other methods must be considered As 
the serum’s leturn to normal is considerably delayed, taking at least 4 months m 
advanced cases, no serum tests done at the time of discharge are of any value, and 
the preparation of a protein graph would be too labonous for practical purposes, 
even if it were found to give reliable information 

The clinical progress of the patient under treatment cannot be considered as 
a reliable criterion of cure, although some indications can be obtained and for this 
purpose the various factors m the clinical progress with the different drugs might 
lie compared , this will be done later Meanwhile, we are thrown back on the 
subsequent history of the patient as the only reliable method of judging whether 
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a cure lias occurred or not There again we are up against two difficulties , the 
question of the tune the patient should be Icept under observation and the possibi- 
lity that re-mfection may sometimes occur 

• Relapse or re-ineection ? 

We have looked up the notes of a number of patients who have apparently 
relapsed after treatment either elsewheie 01 in this institution In a few instances 
the notes were incomplete, but in 51 the time which elapsed between the conclusion 
of treatment and the re-appeaiance of the symptoms was noted The figures 
obtained have been tabulated below and a graph has been drawn — 


Table II 


Period elapsed after treilmcnt 
before re appearance of 
symptoms 

Number ol 
cases 

1 month, or less 

ii 

About 2 months 

18 

» 3 ,, 

12 

n ^ ft 

3 

i, 5 

3 

(5 

1 

„ I J ear 

3 

Total l 

1] 


The Graph gives almost complete answers to the two qi r 
firstly, that if the patients are kept under observafo t rV o r 
relapses will be recorded, and, secondly that the 1 e ~- 1 ~£ r < 
classed as relapses ’ are real relapses and not rt- i' (> *' 

in whom symptoms re-appeared after about r :-.*** . r , 
m comparatively good health with occasio-d I : ~ f - , , 


n ”' it dioiK, 
nr f tu iIK dl 

A Of {}■< < [v, . 

pltlMlts 
*1'< i h id bin n 
cn at i In' ( nd 
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of a year their spleens were very large and hard, and their aldehyde reactions were 
‘strongly positive’, so it is fairly certain that they had been suffering from a chrome 
form of the disease for a considerable time The other patient, who had originally 
been treated withm a month of the onset of the symptoms of the first attack and 
had returned to her home m the endemic area, returned exactly one year later 
with a clinically identical attack , the aldehyde and antimony tests were again 
entirely negative This appears to have been a case of re-infection , it is the only 
instance in our experience in which re-infection is strongly suggested The rarity 
of re-infection suggests that in the majority of cases some immunity is established, 
and this case suggests that if the patient is tieated in the early stages immunity 
may not be established 

Graph 

No of 

paittnls 



Showing the penod which elapsed between the conchibion o£ treatment 
and the reappearance of symptoms in 01 cn c cs m winch n ‘relapse’ 
occuuccl , m 3 patients the period was between b months and ono jenr 


It is thus apparent that a pcnod of good health for six months can be looked 
upon as an indication that the patient is cured This appeals to be the only reha hie 
ciiteuou and it is one that we have adopted throughout this senes 

r 

The beeajl'ivr efficacy or the various antimony preparations 
The difference between the antunonj tartiatcs and the pen ta valent antimony 
compounds m the treatment of kala-azar is so striking that it does not require 
more than a small series of cases treated by each class of drug foi its demonstration 
When, howevei, one comes to differentiating between the venous pentavalent 
compounds the case is veiy different For this purpose reference to the ordinary 
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hospital or dispensary records of treatment are quite valueless, not only because 
the diagnosis is seldom confirmed by demonstrating of the parasite, but because 
different physicians adopt not only different schemes of dosage, but different 
standards foi judging whether a patient is cured or not During a recent visit m 
Assam the writer found that m some of the Government dispensaries the average 
number of injections given to each patient, if lie continued to attend sufficiently 
long, was about 18 The drug used was men stibamine In our series (No IV) 
it will be seen that by giving a couise of 10 injections highly satisfactory results 
were obtained, but an analysis of data from the Assam dispensaries might lead one 
to suppose that a much more extensive course than this was advisable 

Even when the treatment is given by one observer who controls both diagnosis 
and cure scientifically, difficulties will arise The only satisfactory methods of 
comparing the efficacy of two drugs is by preparing cure-rate curves 


The adoption op a standard course of treatment 
The present writei analysed a senes of cases m which the antimony tartrates 
were used , he found that all the relapses occurred amongst the patients who had 
received the largest total doses This anomalous state of affairs is easy to explain 
Partially * resistant ’ patients usually improve very slowly, so that there is a tendency 
to give them longer courses of treatment , but despite this relapse is more likely 
to occui m this class of patient than m the ordinary patient Erom such records 
it is impossible to construct a relapse-iate curve, as there is a non-mcasuiable factor, 
the judgment of the physician, to be taken into consideration For the figures 
to be of any value either the dosage must be entirely random and totally uninflu- 
enced by the progress of the patient, or a numbei of dosages must be decided upon 
and each dosage applied m a certain number of unselectcd cases, again without 
reference to the seventy of the case, or to the rate of progress under treatment 
There are certain considerations which make the random dosage plan unsuitable 
for adoption amongst hospital patients Out-patients are liable to discontinue 
treatment for reasons unconnected with their rate of progress towards cure , the 
writer (Napier and Haider, 1927), taking advantage of this fact, analysed a senes of 
cases treated by sodium antimony tartrate and was able to obtain figures which 
made fairly smooth cure-rate curves for this drug 

The method of adopting a definite dosage to be applied mespective of the 
progress of the patient also presents certain difficulties A considerable amount 
of preliminary experimentation m dosage is necessary as it would be unfair to 
subject a large number of patients to a totally insufficient dosage In most of the 
5 senes referred to above, the preliminary experimental stage was scarcely passed, 
but m some of the later cases of the series an attempt was made to give a fixed 
course , for example in Series II (Bayer 693) 19 previonsly-imtreated patients 
were given a course of 10 injections Consequently, an attempt was made to diaw 
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a cure-rate curve m only one series (No J, Stibosan) and as the plotted points are 
based on a very small mimbei of observations even that curve cannot be 
looked upon as accurate For the rest we have been content to indicate the 
cure-rate for certain dosages 

Different methods 01- expressing dosage 

There are at least three different ways in which the dosage may be expressed, 
by the number of injections, by the actual total dose, and the total dose relative 
to the weight of the patient Where different individual doses .tie given and 
where patients of different ages are treated contradictory results are frequently 
obtained For example, in order to produce a certain cure-rate, the total dosage of 
sodium antimony tartrate which is required is very much the same as that of 
Stibosan , yet the mimbei of injections that are required is three times as great 
in the case of former as in the case of the latter drug Even when the required 
total dosages arc about equal, the number of injections is another point of great 
practical importance to be considcicd , it is obviously advantageous to use a less 
toxic chug with which the total dosage can be gnen in 5 injections in 5 da)s than 
one which necessitates division into 30 injections spread over a period of 2 months 

Exclusion or previously relapsld cases 

For all these calculations only patients who have previously received no treat- 
ment must be included It is obvious that recent previous ti eatment might vitiate 
the results, and on the other hand a patient who has received a full couise of treat- 
ment and has lclapscd is a ‘ lcsistant case ’, not necessarily because treatment has 
made him ‘ resistant ’, oi * antimony-fast but because the fact that he failed to 
react to an ordinary course of treatment has shown that he is a ‘ resistant case 5 
Any fair sample of the kala-.uar population may contain ' resistant cases but a 
sample which contains known ‘ resistant ’ cases is not a fair sample , such cases 
have been selected fiom the general kala-a/ar population by a jnocess of sifting, 
although the sifting may have been done elsewhere 

Other methods of comparison 

As it has not been possible to drarv cure-rate curves foi these diugs other 
methods of judging relatively the value of different drugs will have to be considered 
Two methods which suggest themselves are (a) comparison of the mean actual 
total doses, relative total doses or the number of injections which produced a cure, 
and ( b ) comparison of the peiccntagc cure late amongst all patients given not more 
than some definite dose — as for examjrlc, 3 giammcs actual total dose, oi 4 grammes 
relative total dose — or some definite numbei of injections 
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Tins lias been (lone with the five drugs under comparison , the figures are 
summarized m the table below — 


Table III 


Diug 

senes 

Total number 
receiving not 
more than 3 0 
grammes 
total actual 
dose 

Total number 
receiving not 
more than 4 0 
grammes 
total relative 
doses 

Number re 
ecu mg not 
more than 10 
injections 

Alcan of 
total actual 
dose of 
cured 
patients 

Mean of 
total rela- 
tive dose of 
cured 
patients 

Mean of 
number of 
injections 
given to 
cured 
patients 


Cases 

Relap 

ses 

■ 

ftelnp 

scs 


Relap 

fics 

1 



i 

39 

4 

34 1 

4 



2 08 

3 88 

(U4) 

n 

37 

0 

35 

0 

2G 

0 

2 00 

3 31 

It) 11 

m 

31 

(2) + 

21 

(2)* 

10 

(1)* 

2 23 

3 30 

11 37 

rv 

45 

1 

42 

1 

18 

0 

2 19 

3 00 

11 04 

V 

23 

5 

32 

c 

24 

3 

2 10 

3 18 

11 21 


* Previously reported ns not traced 


Discussion — In the five series the mean actual and relative total dose and the 
mean of the number of injections were greatest m Series I (Stibosan) In the other 
four series the figures are about equal Whether the actual oi the relative 
dose, or the number of injections be considered, the figures indicate a lower 
curative power m Series I (Stibosan) and V (Neostam), and, although the 
actual figures indicate No II (Bayer 693) as having the highest curative 
power, the number of relapses is so small that on these grounds alone it would 
be unfair to be dogmatic 

The rate op clinical progress 

Although the final result, that is cure or failure to cure, is the invcr tat: 
point, the rapidity of the progress of the patient under treatment Is 'I?- 
important This can be expressed under four headings — 

(а) The time of the cessation of fever 

(б) The reduction in the size of the spleen 

(c) The increase in weight 

{d) The white-blood-cell count 
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(a) The number of injections administered prior to the cessation of fever is 
shown m the following table — 


Tablb IV 


Senes 

Number of 
pit writs 

Number afebrilo 
throughout 

Number febrile 
throughout 

Mean number 'of 
injections of 
the rest 

I 

77 

3 

4 

57 

II 

58 

3 

1 

4 57 

ru 

48 

2 

0 

53 

IV 

04 

5 

4 

4 93 

V 

58 

i 

0 

4 74 


The reason for separating the cases which show fever throughout is that there 
appears to be a certain type of case in which the fever is actually kept up by the 
injections, falling directly they aie discontinued Here No Ills again the most 
favourable After this there is little to choose between Nos III, IV, and V , m 
No III the mean number of injections given is highei than the others, but in 
4 and 6 patients, respectively, m Scries IV and V the tempciature remained high 
throughout 

( b ) The sue of the spleen at the tune of dischaige is shown in the following 
table — 


Tab lb V 


Showing size of sjdeen at time of dischaige 


Series 

i 

Number of 
patients 

Number m 
which spleen 
was not 
palpable 

Number m 
nhich spleen 
vi as palpable, 
but not 
measurable 

1 

Number m j 
w Inch spleen 
was measurably 
increased 

Avcrago sue of 
spleon in cases 
of precious 
column 

I 

74 

20 

20 

22 

30 

11 

50 

21 

28 

7 

2 7 

III 

48 

11 

28 

9 

2 61 

IV 

02 

17 

33 

12 

27 

V 

52 

18 

21 

13 

27 
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There is again nol much io choose between the difteicnt compounds , No I 
would appear io be the least and No II the most satisfactory 

(c) The weight increase or loss is shown m the following table — 


Tabu, VI 


Shoioimj change in weight dining treatment 


Series 

Number 

of 

pnlicnts 

1 

Number 
increasing 
in weight 

Number 
«how mg no 
change 

Number losing 
weight 

Mean inercT.se 
m lb 

I 

77 

GO 

5 

c s 

0 91 

II 

r>7 

o 2 

5 

0 72 

in 

48 

10 

0 

2 

7 00 

IV 

01 

52 

2 

7 

5 55 

V 

52 

40 

3 

\ \ 

i 

0 85 


In this table No III show's the best results and No IV the least satisfactory , 
however, the difference between these tw r o series is not very striking 

(d) The means of the total w'hite-blood-cell count at the time of discharge is 
given in Table VII — 

Tabll VII 


Series 

Number of 
cases 

Means of the 
total white 
blood cell 
per c mm 

I 

77 ; 

7,054 

II 

53 

7,545 

III 

42 

0,788 

IV 

50 

7,851 

V 

45 

7,107 


Discussion 

Judging the efficacy of these five drugs on the rate of progress of the patients 
during treatment, ,t,s not possible to say that any one gave strikingly beke 
results than the rest throughout, however, No II gave sat, sfactory results 
probably the most satisfactoiy, and No I the least satisfactory. 
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Comparability op the results 

It is notorious that m certain infections, cholera for example, there is 
a considerable falling off m the severity of the disease towards the end of 
an epidemic , it has been suggested that the great success in the treatment 
of kala-azar by the new antimony compounds might be partly due to this 
factor It is true that the advanced cases with cancrum oris, which one 
saw comparatively frequently ten years ago, aic now rare The reason for this 
is, m the writer’s opinion, not a decrease m the severity of the disease, but 
the great advance that has been made during recent years, both in the treatment 
and m organization by which the people m remote districts are enabled to get 
the treatment 

Until very recently we have given sodium antimony tartrate as the standard 
treatment in our out-door depaitment, and we did not notice that these patients 
progressed any more rapidly than they did a few years previously 

The disease has been endemic in Bengal foi a great many yeais Periodic 
exacexbations of the disease do occui, and there is little doubt that we arc now m 
the trough of the wave, but theie is no evidence to show that these variations m 
the incidence aie accompanied by corresponding vaiiations in the intensity of the 
disease m the individual The treatment in each of the senes was carried out, 
though not at the same time, undei exactly the same conditions on the same class 
of patient, and arc, tlioicfoie, btnctly compaiablc 

Discussion 

A review of the evidence befoic us will show that No I may be excluded on the 
grounds that the highest death-iatc followed its use, and the cure-rate with both 
3 and 4 grammes was poor , whereas No V can be excluded on account of the very 
poor cure-rate Amongst the rest there is little to choose, but throughout No II 
appears to show a slight superiority With regard to No III m a subsequent 
series, in which treatment was earned out elsewhere undei the writer’s supervision, 
the results were less satisfactory, and there appeals to be some doubt whethei 
either No III or No IV are constant chemical compounds , it has been suggested 
that the latter is more of the nature of a mixture and, therefore, very liable to 
variations m content Ghosh, Chopra and Chattel] ee (1928) have recently pointed 
out that commeicial samples may show considerable variations Furthermore, 
Bayer 693 is a compound with a high antimony content and a low relative toxicity, 
so that, if occasion arises, a much larger individual dose enn be given safely than 
has been given in any of the series reported It was, therefore decided that, for 
future investigations into the question of the most suitable amount, strength and 
spacing of the injections, and of optimum total dosage, one drug, namely Bayer 693 
(No II of this series), should be used 
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Part VII. 
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BY 
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Kala-azai Research Woilei, School of T 'topical Medicine and Hygiene, Calcutta 
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Introduction 

In a previous paper, No II of tins series, the results of treatment in 61 cases of 
kala-azar by means of Bayer 693, 51 di-ethyl-amme para-ammo-phenyl stibiate, were 
recorded and analysed Eor various reasons, stated m another paper, No VI of the 
senes, this drug has been chosen for further investigation Another consignment 
of Bayer 693 was obtained at the end of 1926 and at the beginning of 1927 a further 
series of 33 patients were treated, the present writer then went on leave During 
the time he was m Europe he visited the factory of the I G Company at Leverkusen 
and Elberfeld and had a number of discussions with Professor Schmidt of the 
Research Department of this company The only defect that he had noted m 
Bayer 693 was that m a small percentage of cases it caused vomiting , this 
point was discussed with Professor Schmidt and as a consequence he modified 
his method of preparing the compound The new product which had the same 
chemical formula was known as Bayer 693B Professor Schmidt reported that 
by intramuscular injection it was much less toxic to mice than Bayer 693, 


1 * This preparation has been referred to elsewhere as von Hoyden No 693, but for some years the 

antimony work of the firm of Hoyden has been taken^ver^by the T G Company and the preparation 
is now known as Bayer 693 1 * 1 


( 719 ) 
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and m use m liuman beings we found that it very rarely caused vomiting even 
wlien given m large doses By intravenous injection m mice wc did not, however, 
find it any less toxic than Bayer 693 , the results of the toxicity experiments 
are given below — 


Doso of 09TB in 
milligrams por kilo 
body-weight of 
mouso 

Mice 

Average Height of 
group in grammes 

Number 

Number surviving 
after 18 hours 

200 

20 8 

5 

.5 

250 

22 2 

5 

3 

500 

21 G 

*) 

o 

400 

21 4 

r. 

2 

f 


After a short clinical trial with the compound, prepared by the new 
process, we were able to report that the therapeutic action was apparently 
very similar indeed to that of the original samples Up to this point the 
manufacturers had withheld this compound for the general medical public 
and had only supplied it to the present writer for experimental purposes Now, 
however, on his advice, it was placed on the market under the trade name 
* Neostibosan ’ That these two compounds, Bayer 693 and Bayer 693B, are 
not chemically identical is observed from the fact that the antimony content 
of the latter is slightly greater than that of the former, 42 per cent instead 
of 41 per cent, but the therapeutic action appeals to be identical , this we 
will show below 

The results of treatment with this preparation 
This series includes all the patients treated by Bayer 693 or 693B up to the end 
of the year 1928 The total number is 254 

The immediate results of treatment can be summarized as follows — 
Discharges as cured 244 

Failed to respond to treatment 4 or 1 57 per cent 

Died during treatment . 6 or 2 36 


9} 
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Of the 244 patients discharged as cured 27 have not been traced , the 
results of treatment, as judged by the clinical condition of the patient 6 months 



No 693 


11 or more injections 

21 

16 

6 





10 injections spaced 

28 

24 

3 

1 




8 injections spaced 

30 

28 

• 

2 





No G93B 


More than 10 injections 

2 


I 


1 

• 


• 

10 injections spaced 

4 


3 


1 




8 injections spaced 

41 

37 


2 


1 


1 

8 injections concentrated 

74 

69 

4 

6 

1 

1 


4 

5 injections concentrated 

13 

10 

1 



2 


• 

4 injections 

2 

1 




1 



2 injections 

2 

1 




1 



Totals 

217 

175 

18 

10 

3 

6 


5 


after discharge, of the remaining 217 is known (see Table I) and can be summarized 
as follows — 


Completely cured 

Died within 6 months of discharge from some 
other disease 
Relapsed 


199 

5 or 2 30 per cent. 
13 ox 5 99 


Thus, if we deduct the failure-rate, the death-dunng-treatment rate and the 
relapse-rate we have left a cure-rate of 90 08 per cent, or ,f m addition we deduct 
the death-from-other-causes rate we have a cure-rate of 87 78 per cent 

J, mr r 


2 
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The above figures are for all eases, including previously-treated cases , if we 
exclude the latter the cure-rate figures for primarily -treated patients are slightly 
improved The 4 ‘ failures ’ had all been treated previously and had relapsed , 
the other figures are — 

Completely cured 181 

Died within 6 months of some other disease 5 or 2 55 per cent 

Relapsed 10 or 5 10 „ 

Thus, for primarily -treated cases there are no failures and by deducting the 
relapse-rate and the death-rate one gets a cure-rate of 92 54 per cent, or if 
in addition we deduct the dcath-from-other-eauses rate we get a cure-rate of 
89 99 per cent 


Comparison of the two different samples 

The relapse-rate with Bajmi 693 was onlv 3 m 79 cases, or 3 77 per cent, whereas 
with Bayer 693B it was 10 out of 138, or 7 24 per cent If the resistant cases are 
excluded there is less disparity between the two sets of figures The comparison is 
not however fair, as far bigger doses were given m the case of Bayer 693 A fairer 
comparison can be made by taking only the cases in which 8 injections were given on 
alternate days In the case of Bayei 693 there were two relapses m 30 cases, with 
Bayer 693B in 41 cases there were two definite relapses and m a third case, a relapse 
being anticipated, a further course of injections was given , counting 3 relapses for 
the latter we have relapse-rates of 6 67 per cent and 7 32 per cent, respectively, 
with the two pieparations , the difference here is negligible 

Taking into consideiation one factor only m the rate of response to treatment, 
namely the late of fall of temperature, the average number of injections given prior 
to the cessation of fever was 4 23 m the 30 cases tieated by Bayer 693, and 4 59 m 
the 41 cases treated by Bayer 693B Again the difference is slightly m favour of 
Bayer 693, but is not significant 

Conclusion — In view of the absence of any significant difference between the 
therapeutic results obtained with these two compounds, it seems justifiable to treat 
them as the same compound as far as their therapeutic properties are concerned , 
subsequently m this paper no distinction will be made between these two 
preparations 

Dosage in relation to cure and relapse 

As well as actual relapses all potential relapses, that is, cases m which further 
treatment was considered advisable after the full course had been given, are 
classed as relapses 

The mean total actual dose given to the 175 previously-untreated patients who 
were cured was 2 064 grammes and to the 16 classed as relapses 1 867 giammes 
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The mean total lelative dose of the cured cases was 3 01 grammes and of those 
classed as relapses 2 74 giammes 

By dividing the patients into groups according to the total actual doses given 
the following figures are obtained — 


Table 11 


Dosage 

Total 

cases 

Cures 

Re 

lapses 

Cure rate, 
per cent 

Mean dose 
for these 
cure rates 
(in grammes) 

0 5 gramme or moio but less than 1 grammo 

II 

11 

■1 

91 071 






\ 85 7 

1 04 

10, „ „ 16 grammes 

|.,i 

13 


81 25 j 


1 5 grammes , ,, 2 0 „ 


27 


90 0 

174 

2 0 , „ 2 6 

El 

109 

8 

93 16 

2 21 

2 5 , „ 3 0 „ 

ES 

12 

1 

02 3 1 



Hfl 



l 94 12 

2 83 

3 0 , , 3 5,, 

m 

4 j 

0 i 

1 

100 0 1 



By re-grouping them according to the total relative doses the following figures 
are obtained — 


Table III 


Dosage 

Total 

cases 

Cures 

Re- 

lapses 

Cure rate, 
per cent 

Mean dose 
for these 
cure rates 
(m grammes) 

0 6 grammo or more but less than 1 gramme 

2 

1 

1 

(60) 



1 0 » if a 

1 6 grammes 

2 

1 

1 

(50) 

• (62 5) 

1 38 

1 5 grammes „ „ 

2 0 „ 

4 

3 

1 

(75) 

1 


20 „ 

2 6 „ 

34 

32 

2 

94 1 



2 5 - 

3 0 „ 

61 

54 

m 

88 5 

- 90 05 

2 57 

3 0 „ 

35 

51 

49 

1 1 

96 1 



3 5 „ 

4 0 „ 

15 

15 

0 

(100 0) 



40 .. 

4 5 „ 

16 

15 

1 

93 7 

• 95 5 

3 64 

45 « „ „ 

50 

4 

4 

0 

(100 0) 



more than 5 0 grammes 


2 

1 

1 

(50 0) 
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And lastly by grouping them according to the number of injections thev 
received the following figures are obtained — 


Table IV 


Dosage 

1 

Totnl 

C*1FCS 

Cures 

1 

Relates 

Care rate, 
per cent 

11 or more inactions 

is 

ir, 

j 

i 

0 

• 

(100 0) 

1 

10 injection* 

2"> 

24 

1 

1 

1 00 

1 

S 

14”) 

124 

11 

01 85 

r> 

12 

10 

2 

83 3 

4 

2 

1 

1 

(50 0) 

2 

o 

1 

1 j 

(50 0) 


It is apparent that there is a definite relationship between the total dosage and 
the cure-rate, whether the actual dose or the dose relative to the weight of the 
patient be consideied The fact that the mean dose of the 'cured’ cases was 
greater than that of the ‘ relapse ’ cases suggests that at least some of the 
patients of the latter group received less than the mean curative dose 

This relationship will be seen more clcaily m the cure-rate tables When the 
groups are arranged according to even ranges of dosage some of them are very small 
and irregularities m the cure-rate curve are inevitable, but these can be smoothed 
out by bunching a number of groups together The relative dose cure-rate curve 
was distorted by two cases of young children m which despite a very large relative 
dose being given a relapse occurred , as far as adults are concerned there was not a 
relapse m any case in which a relative total dose of moie than 3 5 grammes was 
given This confirms the observation previously made that children require rela- 
tively larger doses than adults 

On the Graphs 1 and 2 a number of points have been plotted for the actual 
and relative cure-rates, respectively, at different dosage and free-hand curves, 
which approximate very closely to these plottings, have been drawn It cannot be 
claimed that these curves are an accurate representation of the cure-rates, but it 
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seems probable that they indicate fairly closely the general direction that would 
be taken by these curves were it possible to obtain a senes sufficiently large to 
eliminate errors of chance sampling The tendency m both curves is the 
same , there is a rapid rise up to a certain point, after which they become flat and 
eventually they run almost horizontally In the actual-dose curve the rise is 
scarcely appreciable after 2 25 grammes, or in the relative dose curve from 
about the 3 0 gramme point 


Graph 1 

Cure-i ate 
Actual total dose 

Cure 



Graph 2 
Cuie-iate 

Total dose per 100 lb 
body-weiqhl of patient 

Cure 

rale 



A table (Table IV) showing the cure-rates with different numbers of injections 
has been prepared , the number of injections was not necessarily proportionate to' 
the total dose so that per se this table has little significance This point is discussed 
later 

Conclusion —It would thus appear that where large numbers of patients are 
to be treated actual total doses of 2 25 grammes or relative doses of 3 0 grammes 
are the most suitable , to give more would be uneconomicafand to give less would 
mean a distinct increase m the relapse-rate 
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The relapses 

Of, tins 16 cases classed as relapses, 6 were cases m which further treatment was 
given whilst the patient was still m hospital because the clinical condition of the 
patient appeared to be unrelieved by the first course of treatment , all of those were 
cured by the subsequent treatment Of the 10 relapsing cases 2 died with typical 
symptoms of a relapse, 4 received further treatment and were cured, and 4 proved 
entirely resistant to furthei treatment It seems probable that these 4 patients 
would have been resistant whatever course of treatment had been given and that 
they represent the constant percentage of unresponsive patients which are probably 
to be found in any series , m this series they constitute roughly 2 per cent of the 
total A relapse percentage greater than this must be considered to be due to in- 
sufficient treatment 

The methods of administrations 

The routine method usually employed has been the intravenous injection of a 
5 per cent solution, but in a few cases a 25 per cent solution u'as used There appeared 
to be no disadvantage m the injection of the more concentrated solution, as evidenced 
either by the immediate results or by the patient’s rate of progress towards cure, 
but this solution has not been employed in a sufficiently large number of cases to 
allow of any sepaiate consideration of its effect on the cure-iate 

Intramuscular injection of a 25 pet cent solution was given m 10 cases The 
ordinary dosage W’as adopted and it w r as found that up to 0 4 gramme it w as tolerated 
well , m 9 instances daily injections were given and m the other injections w r ere 
given on alternate days The average time of the fall of temperatuie was the 10th 
day, as against a mean of 9 14 days foi other cases m which 8 daily injections were 
given None of the patients relapsed, one died within a few months of a condition 
which suggested cerebral malaria, and nine were completely cured 

Conclusion — The intravenous injection of a 5 per cent solution w r ould appear 
to be the method of choice, but there appears to be no reason w r hy a 25 per 
cent solution should not be given intravenously, or wdiy, if difficulty arises m 
giving the injections intravenously, a 25 per cent solution should not be given 
intramuscularly 

Distribution of the dosage 

It has been suggested above that a total actual dose of about 2 25 grammes is 
the optimum , there aie a numbei of ways m which this dose can be divided up 
In Table IV the cases are divided up according to the numbei of injections they 
received, and in Table I some of these groups have been furthei subdivided according 
to whether the patients received injections daily oi on alternate days When 8 or 5 
injections were given the total dose was usually about 2 3 grammes, but wffien either 
10 or more, or less than 5 injections were given the total dose was usually distinctly 
greater or distinctly less than 2 3 grammes Thus, if we are to gauge the advantages 
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of the chffcieut methods of dividing the dosage, we must take only previously un- 
treated cases of the groups m which adult patients received a total dosage of about 
2 3 grammes , these are grouped as follows 


Tabus V 


Group 

Nature of course 

Cured 

! 

Relapsed 

Further 

treatment 

Died subse 
rpicntly 

A 

8 injections, on altcriinlo dnjs 

05 

4 

1 

1 

3 

8 injections, given daily 

59 

5 

(less 1 ) * 

1 

i 

C 

5 injections, given daily 

10 


2 

0 


* Should possibly be excluded , see tc\t 


Of the 69 patients of Group B, 4 died during the 6 months’ probation period 
of causes other than kala-azar The proportion is so large that one cannot help 
wondering if this course of injections tends to reduce the patient’s resistance 
to other infections to an unusual degree , however, there were no deaths reported 
m the 12 cases in which still more concentrated course was given 

With regard to actual relapses the figures for Groups A and B are practically 
equal, as m one relapsing case in Group B the patient had a veiy modified dosage 
on account of severe reactions following the first two injections and should possibly 
be excluded 

In Group C no cases of relapse occurred, but in two instances as the patients 
showed little clinical improvement after the first course of injections, further 
treatment was given at an unnecessarily early date , there was a misunderstanding 
of the writer’s instructions, and iU Ius opinion one of the patients, at least, did 
not require further injections 

The actual doses given m the case of the adults m this group was 0 3, 0 4, 0 5, 0 6, 
and 0 6 gramme The first two patients who were given this course were selected as 
being suitable for experimental treatment, but subsequently all patients admitted 
during a certain period were given this course , some of these patients were definitely 
debilitated No death occurred amongst these patients and in only one case was 
it thought advisable to modify the course , this was on account of a severe febrile 
reaction following a dose of 0 5 gramme 

The time factor should be taken into consideration The course in which 10 
injections were given usually occupied about 22 days, the injections being given 
thrice weekly, and the ordinary 8-mjeetion course 15 to 18 days, the concentrated 
8 -injection course 8 days and the 5-mjeetion course 5 days The interval between 
the conclusion of treatment and the puncture was the same m each group but if the 
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time is taken from the commencement of treatment it will be seen that the interval 
varies between 36 and 19 days according to the course given, it would appear that m 
every case the parasites haVe disappeared by the 36th day whereas as early as the 
19th day they are still present m 44 4 per cent of cases It was seldom possible 
to keep the patients m hospital for loiig periods after treatment has been completed, 
but m two instances circumstances allowed this The first patient received 8 
injections on alternate days , his spleen culture showed leishmania on the 28th 
day from the commencement of treatment but on the 56th day it was negative The 
second patient received 8 injections on successive days , his spleen culture was 
positive in the 23rd day, but negative on the 46th It is suggested that the 
commencement of the change m the body chemistry which leads to the dis- 
appearance of the parasites from the spleen and liver occurs at the time of the 
first injection, although m most cases its continuance is dependent on further 
injections being given 

It is obvious that the time factor is important, that the 14 days’ interval between 
the last injection and the spleen puncture is inadequate m many instances, and 
that, if the spleen or liver puncture culture is to be accepted as evidence of cure, the 
culture should be taken from 5 to 6 weeks after the commencement of treatment 

Progiess under treatment — Though the most important point is the actual 
results of treatment, yet it would seem reasonable to expect that some indication 
of the efficacy of a course of treatment could be obtained from a study of the progress 
of the patient under treatment , the points to be considered are cessation of fever, 
leucocyte count, increase m weight, and reduction m the size of the spleen 

{a) Cessation of fever — The behavioui undei treatment of the cases of the 
various groups can be summarized as follows — 


Table VI 


Group 

! 

Nature of course 

1 

Cases in which 
fever foil to nor 
nml, and mean 
number of days 
of foier 

i 

Number 

afobrile ] 

throughout | 

1 

1 

i 

Numbei 

febrile 

throughout 

Averago 
duration 
of treat- 
ment m 
days 


1 1 

i 1 

Number 

Days 





Previously reported senes, 
aveiage 10 injections or 
more 

54 

9 GO 

1 

3 

1 

24 

A 

8 injections on alternate 
days 

54 

8 01 

3 

5 

17 5 

B 

8 injections, daily 

00 

S 02 

o 

3 

S 

C 

5 injections, daily I 

i 

10 

G 3 

, 

1 

5 
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It will be seen that tbc concentration of the treatment does not cut short the 
febrile period to any great extent , there is a tendency m the concentrated 
courses for the fever to remain up just as long as the injections are continued 

(b) The leucocyte count — For the counts done roughly two weeks after the last 
injection the means are much the same for each of the first three groups, namely, 
7,545 per c mm for the cases previously reported (mostly 10 injections or more), 
7,848 per c mm for Group A (8 injections on alternate days) and 7,341 per c mm for 
Group B (8 injections, daily), but for Group C, m which 2 3 or 2 4 grammes were 
given m 5 days, there is a decided increase to 9,449 leucocytes per c mm 

(c) Increase in iveighl — For the four groups the mean of each series showed 
increases of 6 72, 5 56, 4 74 and 5 64 lb , respectively Here it is apparent that 
time has played an important part, except m the last series, but it is probable that 
chance has afiected this figure as the group is a small one 

{d) The size of the spleen — This is best expressed m tabular form — 


Table VII 






Measurably ei-taeled 

Group 

Nature o£ course 

Not palpable 

Palpable 

Number 

Average size m 
inches below 
costal margin 


Previous senes, average 10 
injections 

21 

28 

7 

2 71 

' 

A 

8 injections, alternate (lays 

25 

26 

G 

2 50 

B 

8 injections, daily 

19 

39 

8 

2 75 

0 

6 injections, daily 

2 

8 

1 

2 50 


Here again time appears to be the important factor , in Group A a much larger 
proportion of cases had spleens which were not palpable than had the cases of the 
other two groups m which the time under treatment was much shorter 

To summarize, it appears that by giving the concentrated course of 5 injections 
the period of fever is shorter and the leucocyte increase is greater than with the 
other two courses, that the increase m weight is about the same as the average of 
the other two courses, and that though the reduction in the size of the spleen is less 
marked, this is probably on account of the shortening of the length of the time under 
treatment and therefore of the time the patient remains under observation There 

is a possible fallacy m the fact that only a small number of patients, eleven are 
included m this group ’ 


ConcfestoM -One must admit that the ev.dence of the question of disfaibu- 
t.o,i of dosage is not entirely oonclusive, but that there would appear to be no 
disadvantage m giving injections daily 1 110 
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A study of the rate of progress of the patients under treatment suggests that 
the 5-injection course may prove the most satisfactory, but this point cannot be 
finally decided without further experience 


Criteria of cure 

The evidence of cure m this series is the same as that of all the previous 
senes, either a clear, written statement by the patient himself, or his relative or 
medical adviser, or a personal examination of the patient, at least six moRths 
after discharge from hospital In onlv one instance m his experience has the 
writer seen a relapse occur m a patient who has been reported cured after this 
interval , this did not occur in this series 

Of the patients of Group A (Table VIII, see below), excluding the cases m which 
a relapse occurred, 11 tv ere seen more than 6 months after discharge , of these one 
had shown leishmania at the time of dischaige Of the patients of Group B, 17 
were seen , of these 4 had shown paiasites at the time of discharge Of the patients 
of Group C, 5 weie seen , of these 2 had shown parasites at the time of discharge 
Thus 7 patients m whom leishmania had been found at the time of discharge when 
seen 6 months or more later were clinically entirely free from sjmiptoms and their 
aldehyde tests were negative One patient had dermal leishmaniasis but this 
patient had no visceral infection The complete evidence of cure m these cases 
shows that there is little reason to doubt the history m the remainder 

The presence of parasites — In this connection it will be best to consider only 
primarily-treated cases In nearly every case a spleen or liver puncture w ith culture 
was done at the time of discharge The interval between the last injection and the 
puncture was usually the same, about a fortnight The results of the successful 
cultures (contaminated cultures being excluded) m the various groups were as 
follows — 


Table VIII 




Culture results 

Group 

Nature of course 






Negative 

Positive 

Per 

cent 


10 injections or moro 

30 


100 

A 

8 injections, alternate days 

39 

8 

=3 0 

B 

8 injections, daily 

37 

17 

08 5 

C 

"> injections, duilv 

5 

l 

55 0 


NuMrrit or cases rs which 

RELAPSES OCCURRED 
AVORGST C\SES SltOWISG 


cull uro 


Positno 

culture 
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It is quite obvious that the result of the spleen or liver punctilio culture cannot 
be taken as evidence of cure as only 3 out of 20 patients m whose spleen or liver 
parasites w r cre still present at the end of a foitnight after the last injection had a 
clmical relapse, and vice versa five w'hose culture w r as negative i elapsed But that 
there is some association between positive cultures and relapses is shown by the fact 
that the lclapse-ratc amongst the patients who gave a negative culture was 4 5 per 
cent, and amongst those giving a positive culture 10 3 per cent 

The leucocyte count — The average count m 53 cases m which various doses, 
mostly 10 or more, v r ere given on alternate days w r as 7,545 per c mm For the cases 
m which 8 injections w r ere given on alternate clays the mean w r as 7,888 per c mm for 
the cured patients and 7,250 for the patients subsequently relapsing In these two 
groups the counts w r eie done some 10 to 14 days after the completion of treatment 
When the concentrated course w r as introduced the principle of doing a blood count 
at the end of one week and repeating it at the end of the second week, just before 
the patient was discharged, w r as adopted The first and the second blood counts 
of the patients who had the concentrated course of 8 daily injections can be grouped 
as follows — 

Table IX 


The first counts 



! 

Ourcd 

1 

Relapsed 

Below 4,000 per c mm 

3 


„ 5,000 „ , 

5 (or 0 2G per cent) 

3 (or 00 per cent ) 

„ 6,000 „ 

15 (or 27 78 „ ) 

5 (or 100 ,, ) 

,, 7,000 „ 

30 


,, 8,000 „ 

18 


» 6,000 „ „ 

47 


,, 10,000 „ 

49 


above 10,000 „ 

5 


Meaii count o£ the series 

7,003 per c mm 

•4,007 per c mm 
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Table IX — conoid 


The second counts 


! 

1 

Cured 

Relapsed 

Below 0,000 per c nun 

4 

0 

„ 7,000 „ 

10 

o 

„ 8,000 „ 

28 

2 

„ 9,000 , 

34 

4 

„ 10,000 „ 

38 

4 

1 

abovo 10,000 „ „ j 

11 

1 

Mein count of tlio scries 

S,348 per c mm 

8,271 per c mm 


A leucocyte count was not done as a routine measure at the time of admission, 
but from previous experience we know that the a\ erage count is below 4,000 per 
c mm , and m each case in this series m which the count was done it was below 
this figure It is thus apparent that m all cases there w as a marked increase in 
the count 

Of the 45 cured cases m which two blood counts were done nfter treatment, m 
35 the second blood count was highci than the first and in 10 it v>as lower , in each 
of the 5 relapsing cases m which two counts were done the second blood count was 
higher than the first Thus, no special significance can be attached to a rising 
white-blood-cell count 

Although it is apparent that m the leucocyte count we have no definite criterion 
of cure, nevertheless the analysis of the first post-tieatment counts indicates that 
there is some association between the leucocyte count and cure In the relapsing 
series all the counts were under 0,000 per emm whereas m the cured senes only 
27 78 per cent were below this figure We cannot say that when the first blood 
count is below 6,000 per c mm the prognosis is bad, as out of the 20 cases in which 
count was below this figure only 5 (or 25 per cent) relapsed, but we can say that 
when it is above this figure the prognosis is decidedly good In the case of the 
second counts the distinction between the cure and relapsing cases is not so marked 
and m one relapsing case a count above 10,000 was icported , it seems possible that 
this patient may have had some mflammatoiy focus in his body causing this 
unusual rise m the count 

The fall of tempeuilure — In Group A of the cuied cases two were afebrile and 
five febrile throughout, and the average duration of fevei of the 54 others was 8 07 
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days Of the relapsing eases one was nfebnlo and m I he of her three the average 
duration of fcvei was 8 da vs In Group B of the cuied cases two were afebrile and 
three febrile thi ougliout and the average duration of fever m the GO others was 
8 02 days, but m tins group in the 5 i elapsing eases the duration was definitely 
longer being an average of 12 dajs for 4 eases cured with the fifth ease febrile 
throughout 

It is thus obvious that, although the duration of the fever is not an absolutely 
tollable criterion of cure, it is a point that gives some information, as m every 
relapsing case but one wducli w T as not afebiile t hi ougliout the fever lasted for more 
than the average 8 days of the cured cases Out of 53 cases in which the fever 
lasted longer than 8 days, 8 relapsed , and m 03 cases in which the fever lasted 8 
days or less, one only relapsed 

Splenic enlargement —Taking the cases of Groups A, B and C together there are 
46 m which the spleen w r as not palpable at the conclusion of treatment , of these 
4 relapsed There are 73 nr which the spleen was definitely palpable below the 
costal margin , of these 5 relapsed And there were 15 m wducli it w-as protruding 
more than an inch below the costal maigm , of these one relapsed Thus, m this 
series, the size of the spleen w r ould appear to be no criterion of cure whatsoever 

Increase in weight — Again taking the cases of the three groups together, 125 
gained m weight, 7 remained the same weight and 9 lost wrnight Of the 125 who 
gamed weight, 8 relapsed, and of the 9 who lost weight 2 relapsed Although the 
proportion of relapses is greater amongst the patients who lost w eight, yet the 
difference is so slight that this factor gives practically no indication of whether 
or not a cure is likely to follow 

Conclusions — To summarize one must conclude that there are no immediate 
criteria of cure, and that the prognosis m any case can be made better by knowing 
the amount of antimony preparation that has been given than by the employment 
of any laboratory tests, or by consideration of the clinical progress under 
treatment 


After an efficient course of treatment the interval m most cases before a 
1 negative ’ spleen or liver puncture culture can be obtained is so long that this is 
not a practical method of prognosis , the interval of 14 days which w e have allowed 
m this series is obviously too short 


No hard and fast rule can be laid down for the leucocyte count, but amongst 
the cases m which this was done one week after the conclusion of treatment no case 
with a count of over 6,000 per c mm relapsed, though only 25 per cent of the cases 
with, a count below this figure relapsed 

Erom the duration of the febrile pet.od a little information can be obtained 
m almost every ease in winch a relapse occurred the fever lasted for a longer period 
than eight days, but m only about 15 per cent of the cases m win,}, u 2 7 
for longer than 8 days did a relapse occur, h “ C0Iltmue ‘ 1 
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From tlic size of tlie spleen and the weight of the patient at the time of discharge 
practically no information of any prognostic value was obtained 

Other factors influencing prognosis 
Effect of duration of the disease on prognosis — It is repeated 3y stated, even by 
writers with considerable experience in kala-azar but more frequently by those 
with little or no practical experience, that if the disease can be treated m its earliest 
stages a cure can be effected more easily than at a later date The present writer has 

foi a long time maintained that there is no justification for this assumption which, 
if based on clinical experience at all is probably based on experience of the treatment 
m provisionally'diagnosed* cases In this series, of the patients who had not been 
treated pieviously 10 relapsed , of these 9 gave a history of fever for 6 months or 
less, and 1 gave a history of 1 year's fever Of one hundred unselected cured cases 
m the same series 45 gave a history of fever for 6 months or less, whereas 55 gave a 
history of fever for a larger period than this This suggests very strongly that 
early cases do not respond best to treatment, but that the reverse is actually the 
case This remark can, however, only apply to previously untreated patients 
The aldehyde reaction before treatment and prognosis — The aldehyde reaction 
before treatment of a hundred unselected cured cases and the 10 previously un- 
treated relapsing cases were as follows — 


Aldehyde reaction 

100 cured 
cases 

Relapsing 

coses 

H + + 

03 

3 

+ + 

G 


-L- 

9 

3 

( + ) or ± 

21 

4 

— 

1 

1 


That is to say, although 69 per cent of the cured cases originally gave a 
_uq__p 0T reaction, only 3 out of 10 of the relapsing cases gave these reactions 

* It re a common practice in one of the larao Calcutta hospitrls, -011010 admittedly the clinician 
n handicapped by laboratory facilities which arc far short of commensurate with the importance of 
the institution, to give injections of one of the pcntayalcnt compounds of nntimom m all cases of 
continued fever in which a diagnosis is not mado If tlicy respond to tins treatment thej arc labelled 
as kala a’/ar 

This procedure winch is also adopted extensively in private practice and m other hospitals is 
not so unsatisfactory for the patients concerned — because these drugs probably raise the resistance 
generally and are in any caso usuallv harmless — as it is disastrous to the collection of accurate scientific 
data of the incidence of tlie disease 
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Lloyd, Napier and Paul (1929) have suggested that the aldehyde reaction is 
evidence of an immunity 1 espouse It may, however, simply be additional 
evidence that early cases do not respond so well to treatment as fully developed 
ones, The suggestions aie not mutually exclusive 

Conclusions — There is no evidence that kala-azar is more amenable to treat- 
ment in its early than m its later stages There is on the other hand some 
evidence that the reverse is the case 

It seems possible that the degree of reaction occurring in the ‘ aldehyde test ’ is 
an indication of the degree of immunity response occurring in the patient 
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Introduction 

Yillazon (1923) was apparently the first to study the therapeutic propel ty 
of bacteriophage m experimental animals While cultivating plague bacilli from 
living infected wild rats, he found that m two cases, the culture filtiates produced 
lytic ‘ plaques 5 in agar cultures of B peshb He inoculated two rats, one with 
baetenophage and plague bacilli and the other with bacilli only Both rats died in 
three days, but on post-mortem examination, the one that had received the phage 
m addition showed fewer lesions and a smaller number of organisms He (1923o) 
then repeated the experiment on three white rats and tlnee gumea-pigs Out of 
the three rats, two received both the ’phage and plague bacilli, while the third 
received only the bacilli All the three rats died, but on autopsy, there was found 
a complete absence of plague bacilli m the two which had received both the ’phage 
and the bacilli Of the three guinea-pigs again, two were inoculated with bacterio- 
phage and plague bacilli, and the third received only the plague bacilli One of 
the two guinea-pigs treated with the ’phage and bacilli survived while the other 
died and showed only ‘ one single bacillus ’ on microscopic examination In the 
body of the control animal numerous plague bacilli were found From these 
results he assumed that the plague bacilli had been destroyed by the lytic action 
of the bacteriophage resulting m the release of their endotoxins winch, however, 
proved fatal to all except one guinea-pig, and he suggested the possibility’ of utiliza- 
tion of bacteriophage m the treatment of plague 
J, MR ( 737 ) 
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Doorenbos (1926) carried out experiments in rats of the norvegicus species 
with a strain of plague bacteriophage obtained from d’Herelle This ’phage was 
sufficiently virulent to dissolve m 20 to 30 hours a 24-hour broth culture of B peslis 
Eight rats were inoculated with 0 1 c c of an emulsion of liver from a rat which 
had died of plague Four of these rats were fed on bread only , they died after 
3 to 4 days and their organs showed typical signs of plague The other four were 
fed on bread soaked mice of the ’phage , one of this group survived, while the 
rest died aftei 4 to 7 days , but examination of the organs shoved that the infection 
m these was of a less acute character and m one case even the cultures made from 
the organs remained sterile In another experiment, 0 2 c c of a freshly prepared 
bacteriophage was injected subcutaneously into four rats which had received at the 
same time 0 1 c c of a broth culture of B peslis Four others received a dose of 
0 01 to 0 1 c c of this culture only The former survived while the latter died after 
3 to 4 days 

Compton (1928) carried out experiments with a strain of bacteriophage also 
obtained from d’Herelle It w as not one of ‘ maximum virulence ’ which, as defined 
by d’Herelle, is able to lyse completely m 4 to 5 hours at 37°C a 1 to 2 thousand 
million suspension of B peslis m broth It, nevertheless, possessed a virulence 
such as a few drops added to a broth tube hghtlv seeded with B pestis completely 
inhibited the growth of the latter Further, when added to a 24-hour broth culture 
of B pestis diluted 1 in 2 with fresh broth just before the addition of the ’phage, 
it led to clarification of the cultuie in 24 to 36 hours A sufficient stock of this 
'phage was then prepared Six adult mice of average weight of 30 grammes were 
infected subcutaneously with 0 1 to 0 2 c c of a 24-hour broth culture of B peslis 
diluted 1 in 2 immediately before use Each animal then in turn received respec- 
tively 1, 2, 3, 24, 48 and 48 hours later, 0 5 to 1 c c of anti-plague bacteriophage 
m the rump All the animals succumbed m 2 to 3 days with typical appearances of 
experimental plague He, therefore, concluded, that subcutaneous injection of the 
specific ’phage was without any curative effect m experimental infection 

Flu (1929) instituted therapeutic tests in guinea-pigs which received one 
hundredth of a loopfui of a 24-hour plague culture subcutaneously , the treatment 
consisted of the administration of I c c of the ’phage subcutaneously, immediately 
after infection and after an interval of 24 and 48 hours His results were entirely 
negative Oral administration and subcutaneous injection of bacteriophage m 
white rats also gave little evidence of curative value 

D’Herelle (1925) reported the successful treatment of four cases of bubonic 
plague m Alexandria with a bacteriophage originally isolated by him from the 
droppings of a rat m Indo-Chma This was brought to the notice of the Govern- 
ment of India A sufficient supply of this ’phage was obtained from him in March 
1926, to carry out therapeutic tests on human cases of plague m India Between 
the 16th March and the 30th April, 1926, we (Naidu and Avan, 1927) carried out 
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' treatment with this * anti-pestiphage ’ on 103 cases with 97 oonti ols The diagnosis 

of plague was established by cultuial methods From the Jesuits, we concluded 
that (1) septicannic cases of moderate oi severe degree did not recover whethci 
treated with the bacteriophage oi not, and (2) treatment with this ’phage had no 
influence either on the couise of the disease or on the case mortality even in cases 
which weie mildly septicecmic or purely bubonic m character While the above 
experiments were in progiess, d Hcrelle came ovei to Bombay and as soon as the 
unsatisfactory natuie of his bactenophage became evident, he proceeded to seaich 
for a more virulent stiam of the ’phage from the droppings of rats trapped m this 
city He isolated a bacteriophage which lysed a 24-hour broth culture of B pestis 
in about eight hours With this bacteriophage experiments involving the use of 
40 Madras rats, which are highly susceptible to experimental infection with plague, 
were carried out About 3 c c of this bacteriophage was fed to each of the 10 Madras 
rats which had no food or watei foi 24 hours All drank it readily This was 
followed by the administration of 0 003 mg of the spleen of a rat that had died of 
acute plague All the 10 rats died of plague, 7 on the third and 3 oil the fourth 
day after infection Three batches of 10 Madras rats each, received 0 003 mg 
of plague spleen subcutaneously The first batch received 01 cc and the second 
batch 0 04 c c of the bacteriophage immediately after infection , the third batch 
received no bacteriophage There were no survivors from any of the three batches 
by the Sth day of infection Thus, even this 'phage which caused lysis of a broth 
culture m about 8 hours had no therapeutic effect From these results, d’Herelle 
concluded that the bacteriophage sent out from Alexandria and the one locally 
isolated by him were not sufficiently virulent to deal with the strains of B pestis 
m India which seemed to him to be ‘ extraordinarily virulent ’ He, therefore, 
recommended that ‘ researches be made m India with the object of obtaining a 
bacteriophage able to produce complete lysis of a 24-hour virulent culture of 
B pestis (local strains) at a temperature of 38°C , within the shoitest time of 
contact, viz , 4 to 6 hours As bacteriophage virulent for B pestis is found m 
the intestinal contents of rats which resist infection with plague and also m the 
intestine and m the buboes of men during recovery from plague, a virulent 
bacteriophage should be isolated from these sources , but of the two a human 
source seems preferable It would be necessaiy for this study to examine the 
contents of the bubo and intestinal contents m man daily from the commencement 

of disease to the period of recovery, as the presence of bacteriophage is often 
transient’ 


One of us (C R A ) had the opportunity of learning the technique of 
iso ating the phage from d’Herelle while he was in Bombay He, therefore 
carried out a series of experiments extending over several months 5 to isolate 
an active bacteriophage from rats and from human cases of plague admitted tn 
the Maratha Plague Hospital, Bombay The ’phage was IS 7 m the 
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buboes, internal organs and droppings of rats which had survived an 
experimental infection with plague and m the discharges from buboes and 
m the faeces of convalescing plague patients Bacteriophage of varying virulence 
was found ten times in the 1,242 examinations made Finally a ’phage 
was isolated from buboes and spleen of a rat which lysed a broth culture 
of B pestts of 24 hours’ growth m less than two hours This lysed culture was 
filtered through a Chamberland filter candle (In) and a few drops of this filtrate 
were added to another 24 hours’ broth culture Lysis occurred in this also m less 
than 2 hours This ’phage was now maintained by successive passages m suspen- 
sions of plague bacilli m broth containing one to two thousand million organisms 

Bacteriophage therapy oi plague jn experimental animals 

Having secured an active ’phage against our local strains of virulent plague 
bacilli, one of us (B P B N ) proceeded to study its therapeutic value m experi- 
mentally infected laboratory animals 

Ezpenmental animals — Of the laboratory animals rats, guinea-pigs and rabbits 
are susceptible to an experimental infection with plague In these animals w e have 
uniformly obtained a mortality of 80 to 100 per cent following the subcutaneous 
injection of oui test dose, namely, 0 003 mg of spleen of a rat that had died of acute 
plague It is generally held that guinea-pigs ate not suitable animals for carrying 
out experiments on the prophj laxis and treatment of plague and our own observa- 
tions confirm this view As icgards the rat, we have observed m our experiments 
on the therapeutic value of difieient anti-plague sera, that in the highly susceptible 
Madras lats deaths continue to occur among them irregulurl) over apiolonged 
puiod even after all the contiols are dead until practically no smvivors are left 
thus making it very difficult at the end of the period of observation to gauge the 
relative value of the particular serum employed In the case of the rabbit, how ever, 
the results obtained have been fairly consistent Yl hen once the infected control 
animals were dead, no fuithci deaths among the tieated animals occurred even 
though the penod of observation was extended to 30 days ox longer The rabbit, 
therefore, w r as found to be the most suitable animal for testing the therapeutic 
value of anti-plague sera It has this further advantage, namely, that it readily 
offeis itself to intravenous medication, a method which seems necessary in a septi- 
cemic disease Idee plague In the case of brown rats this mode of administration 
could be employed only with difficulty Foi these reasons, w e chose rabbits os our 
test animals in these experiments 

Test dose — From Table I it will be seen that in rabbits the moitahty follow mg 
the subcutaneous injection of our usual test dose varied between 80 and 100 per 
cent with an average of 92 per cent It was suggested that this test dose was too 
severe, m as much as the average mortality m human epidemics is usually only 
about 70 per cent as compared with the mortality of 92 per cent m experimentally 
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infected rabbits From our previous experience we knew that with diminishing 
doses of our test virus the interval between infection and the death of the animal 
becomes prolonged and that some of the infected animals even escape death Yet 
m response to this suggestion we employed m these experiments very much smaller 
test doses, namely, one thousandth or one ten-thousandth of our usual dose 

AdimmsUation of the 'phage — We have mostly employed the ’phage intra- 
venously at varying intervals after infection 

Diagnosis of (he cause of death — The animals that died after infection were 
carefully examined As we have observed on several occasions that even though 
on microscopical examination no plague bacilli are detected m smears yet when 
cutaneous infection in rats is made with the spleen of the dead animal it results 
with very few exceptions m the death of the passage animal with all signs of acute 
plague We have, theiefore, made it a rule ah\ ays to confirm the post-mortem 
fiudmgs by animal passage 

Bcsults of expenmen Is — The expenments are summarised in Tables II, III 
and IV 

The results of these expenments show that (1) w ith one thousandth part 
of our usual test dose, the mortality among the treated and the control rabbits 
has been the same whethei the treatment was commenced immediately after infec- 
tion 01 was delayed by 24 or 48 hours, (2) with one ten-thousandth part of our 
test dose, there was a reduction m the mortality among the animals treated 72 
hours after infection by 10 pci cent But this difference can easily be accounted 
for by the smallness of the infecting dose which results in the escape of some animals 
as already mentioned , (3) with the reduction m the amount of the test dose 
employed the average moitality among the conti ols fell from 92 4 to 69 0 per cent , 
(4) neither the quantity of the ’phage injected noi its repetition had any influence 
on the couise of the disease or on the case mortality 

While these experiments were m progress, a supply of an anti-plague serum 
prepared from rabbits became available We, therefore, carried out an experiment 
to test if the combined administration of the ’phage along with the anti-plague 
serum had any advantage ovei the use of the seium alone The results of this 
experiment are summarized rn Table V From these, it would appear that the 
administration of the ’phage along with the serum had not only r no advantage but 
on the contrary had the effect of lowering the curative value of the serum m as 
much as the mortality following the administration of the serum alone was only 
25 per cent, while the combined use of the same amount of serum with the bacterio- 
jrhage increased the mortality to 50 per cent, the mortality among the control 
animals being 100 per cent 

With the kind co-operation of Dr P T Patel, the Superintendent of the 
Maratka Plague Hospital, Bombay'', one of us (C R A ) carried out the treatment 
of plague in 33 patients with this ’phage 



CD 

I s 

r-Hi 

a, 

Ci> 

o' 


h- \ 


( — a 


s; 

CD 


2 CO 
2* o* 

6 £ 

o» 

« s 

3 1 

a3 Os 
Si « 

OirC; 

pS g, 

s £ 

§ W 

o 

<s> ® 

to ^ 

© v- 
^ O' 

HO Co 
CO CD 
CO CO 

HO O 

H3 

•x 

Co ** 

%H <D 

5S » 

2 ^ 

C3 

r— o 

CM to 

HO 

V^ CO 

HO Vo 

s o* 
£> 

§ *§ 
HO 

Si « 
e «• 
e 

S s-^ 
<fcL o 3 
H 3 


*- 

<U 

sT 

CO 

JS 

o 

o 

e 


1 
S ,52 

Si S' 

J'-S 3 

HO 

o 


I 

CO 

•s 

Isj 

« 

OS 

& 

i 

Ho 

<H> 


eo 
s> o 

«> O 

,-VO 

e 30 

JgirS 3 

I s 

I 2 

S ©“ 

$5 1=0 

s ’ll 

co 


CO 


co 

fc 

a 

« 

-«• 

tt 

A 

§ 

P 

O 

u 

o 

r 

0 

t? 

< 

1 

s 

o 

?n 


Weights of rabbits 
m grammes 


Deaths nitlun 30 
days after infection 


«*£ r< 
<D hS 
CO 

g ‘fe* 

S „ 

g k 

§ § 
u &, 

e 'S 
S 'S 

s 1 

CD X 
25 2 

$5 hS 

HO HO 

<3 

co 

?H 

Eh 


« 

« 

Q 

6 . 

1 

« 

Eh 

O 

fc 

C 

< 

JH 

12 

vJ 

< 

*■ 

C5 

O 


b 

< 

ft 


g x\ itlun 30 
after infcotion 

^ ^ - -< - -H 

© 

r-< 

rH 


p 

rH 

— 

© 
r— < 


p 


© 



© 

— 

© 


p fi 

ei 

f 


p fi 

Cl 

© 


p fi ° 

CO 

© 


a 

r-* 




© 

CO 



© 

Cl 



© 

iH 



© 

© 



© 


*s 

a 

8 


ui 

a 


& S. 


o © 
o © 
© 00 


© o o o o o 

> © o o o 

‘ • to CO © 


SSI 


© 

© 

© 


t 

a 

o 

-H 

Cl 


*r5 

■2 5 


ci 

g 


.3 

.© 

8 


r— < 



© 

© 


a 


© 



© 

CO 



© 

I> 

© 


caaa a apq 

00 


a p 

e. 

© 

I V 


Cl 

s c 

a a « v' 

I V 

^ pH W 

- 

s c 

a a a * a « « 

© 

I V 

pM p— • — 4 1— t p-H 

f-H 

s c 

© © © ©© © q 

CI 

I V 

HHHHHHpJHH^ hhhh 

© 

s e 

© © © © © © © © © © 


I V 

HHi-lHHHHHHHHHHiHHHrHHMH 

© 

R C 

o © © © © o © © >0 © © © © © 

© 

I V 

HHmHpHHHHH.hhhHHHHHH 

© 

s c 

o o © © a © © © © o © © © © © © © © 

1 


Weights of rabbits 
in grammes 


|l|llllll|l 1 1 HISS! Sign 


SX 

•O 

t 

e “ 

2 o 

H» Cj 

>, £ >> c 

*J H> - 

I||J 

o c o : 
% 


3 2 
tox: 
c o 

J7*c 

° 4^. 

II 

- c; 
0*0 


* e 

H» O 
8^ 

= « 
£ Vi 

tC O 

g~ 

cn ” 

e* 2 
CD> 

tr > 
rt *- 

^ m 

C H3 
§ 2 
Si'e.o 
SlfM 

I 5 fi 1 
§ §5 S 
S^c 31 
« 2 2 2 
3cS S 
::-^ 

■ i-° 


T 

It’S -s 

iSmQA 

« n v II 

C^fi-o 
CO H 



Table III 

Bacteriophage therapy m rabbits experimentally infected with plague 

Tieatment was commenced 48 hours after infection, bactenophage uas administered intravenously , test dose 
employed iv as one thousandth part of the usual dose which is 0 003 my of spleen of a rat died 
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Table 

Compai alive lesulls following the combined, use of anti-pestiphage and 

of rabbits experimentally 

Tieulmenl was commenced soon a fie) and at varying intervals 

which died of 



Sec noto under Table II Mortality among rabbits 

Doses of ’phage or sorum administered aro in cc » •> « 

„ „ untreated 
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Bactenophage m the Treatment of Blague 


The results liave been reported by him (Patel, 1929) as follows — 

‘ Each patient received Bacteriophage peshs both intravenously and m the 
bubo twice a day for two days after admission The results were unsatisfactory, 
all the patients died ’ 

‘ Delath of the treatment by Bacteriophage pestis — 

I 10 c c intravenously and 5 c c m the bubo to 6 patients 

4 received 4 injections 

1 »> 2 ,, 

1 ,, 1 injection 

II 5 c c intravenously and 2 c c m the bubo to 7 patients 

1 received 4 injections 

2 ,, 2 ,, 

4 „ 1 injection 

III 2 cc intravenously and 1 cc m the bubo to 14 patients 

7 received 4 injections 

l 9 

J- >> j> 

G „ 1 nijection 

IV 2 c c by mouth and 1 c c m the bubo to 6 patients ’ 

Summary 

1 The anti-plague bacteriophage having a lapid lytic action upon cultures 
of local virulent strains of plague bacilli tn vilto was found to be of little value when 
used in the treatment of plague cither m experimentally infected animals or m 
cases of natural infection m man 

2 When used m combination with an anti-plague serum m the hope that its 
strong lytic action upon plague bacilli will enhance the cui ative effect of the serum 
it was found that the combined use resulted m a lesser number of recoveries from 
plague than what followed the use of the serum alone 
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Intkodi C I ION 

Ever since tlie outbreak of bubonic plague m India almost e\ery drug "Inch 
bad been favourably reported upon as a possible cure Iris been tiled at the M.nntha 
Plague Hospital, Bombay, but with disappointing results (')ioKsa { 1 c >23) after an 
experience extending over a period of more than 25 } ears in the tieatment of plairuc 
came to the conclusion that ‘ all efforts lutlierto made to cure the disease In drugs 
have proved absolutely futile’ and urged the nerrssit\ for undertaking fuithei 
researches into tlie possibility of preparing a potent anti-plague serum m India, 
as * it is the only remedy that holds out any hope of reducing the e\cessi\ el\ limb 
case mortality which has so markedly characterized the epidemics at Bomba\ 
Patel, the present Superintendent of the Mnrntha Plague Hospital also came to 
the same conclusion He (Patel, 1925) observes that chemotherapy of plague v lth 
iodine and its preparations, caibolic acid, mercurochi omc, salvarsan preparations, 
etc , has not been found to have any effect either on the mortality or on the course 
of the disease Looking to the analogy of other infectious diseases, the only national 
treatment, m his opinion, would be with a powerful concentrated antitoxic scrum 
prepared from local strains and given early and in huge doses Until such a potent 
antitoxic serum becomes available, the medical practitioner called upon to ticat 
cases of plague must necessarily have recourse to one or the othci of the drugs u Inch 
have been commended by his fellow practitioners 

( ^9 ) 
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‘ Geimanm ’ Bayet 205 ’) w the Treatment of Plague 


Di 0 Urchs (1930) of Messrs Bajmr-Meister Lucius, having received a com- 
munication from Dr Vincent of Maymyo of the very good results he had obtained 
with ‘ Bayer 205 ’ in the treatment of some cases of plague, suggested that he would 
place a sufficient supply of the drug at our disposal should we desire to test its thera- 
peutic value m experimental animals This paper deals with a brief history of 
chemotherapy of plague and with our experiments with * Germanm/ a preparation 
of ‘ Bayer 205 ’ for human use, in rabbits — animals susceptible to experimental 
infection with plague 


Chemotherapy of plague 

Several drugs have been administered to plague patients either orally, subcuta- 
neously or mtiavenously, not only to relieve the distressing symptoms lvliich 
accompany the disease but also with a view to destroi mg the plague bacilli m 
the body and effecting a cure With this latter object, Clioksy introduced the 
method of injecting germicides into buboes dining the first epidemic of plague in 
Bombay 

Caibolic acid — Clioksy (1904) injected either jiure carbolic acid or equal parts 
of carbolic acid and liquor lodi in doses of 10 to 20 minims into each bubo Paton 
(1908) reported successful results following oral and subcutaneous use of carbolic 
acid among cases treated at Amoy Choks) (1918) found that even when pure 
carbolic acid was administered in doses of 72 to 100 grains per day, it vas inert 
Patel (1925) also obtained no success with this drug 

Formalm and its preparations — Roehr (1912) suggested the injection of a tv o 
per cent solution of formalin into the bubo and Deggeller (1915) treated 5 cases of 
plague with intravenous injections of formaldeh) de sodium bisulphite (‘ Fonabisit ’) 
with 3 deaths , but the number of cases treated was too small to allow of an} 
definite conclusion with regard to its therapeutic value 

Eusol — Connor (1916) suggested the subcutaneous injection of eusol m the 
treatment of plague Brayne (1917) and Baker (1920) employed eusol but with no 
benefit 

Izal — Clioksy (1904) treated 21 cases of plague vith injections of 5 to 10 c c of 
a one per cent solution of izal into buboes , he found that these injections had no 
influence, either local or general, on the course of the disease or on the mortality 
Patel (1926) also employed izal without any benefit 

Mercuiy and its piepaiations — Clioksy (1918) treated 21 cases of plague bv 
subcutaneous injections of collosol mercuiy with 15 deaths Andrew Balfour (1924) 
suggested the use of mei curoch ome-SQO soluble m plague He (1925) reported later 
that he had received accounts of a few cases of plague m which the drug had been 
distinctly beneficial Patel (1925) treated 6 cases of plague with this drug by the 
intravenous route and all ended fatally Still later, he (1929) tried the drug on two 
more cases but without benefit We (Naidu and Shamsher Jung, 1926) found thatjn 
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experimentally infected animals, such as rats and rabbits, the injections of mercuro- 
chomc-220 soluble in sublethal doses either single or lepeated had no influence on 
the case mortality At the Haffkmc Institute Cams, Kamath and Naidu (1027) 
tested the bactericidal action of some organic compounds of mercury on ‘ B pesli s ’ 
m vitw and found that the bactericidal power of these drugs was roughly propor- 
tional to the amount of mercury piesent m cacli One of us (BP BN) tested 
the therapeutic action of tcha-accloxy-mcicuri-iujpan blue , a synthetic preparation 
prepared at this Institute, m expeiimcntally plague infected rabbits as it exhibited 
very high germicidal property against ‘ B pestis in miio But when tested rn vnio 
the drug was found to have no influence on the mortality from the disease in these 
animals 

Silvei and its pi epaialions —Elliot (1907) reported successful cures in bubonic 
plague following the mtiavenous injections of a one per cent solution of collargol 
Choksy (1918) employed colloidal silvei in 93 cases of plague with 60 deaths (64 5 
per cent) Denman (1914) found that early cases of plague were benefited by 
intravenous injections of electraigol In his series the mortality among the treated 
cases was 60 4 per cent as compared to the mortality of 83 4 per cent among controls 
Ilvento and Mazitelli (1914) and Choksy (1918) also employed eleclrai qol m the 
treatment of plague but found the drug to be of little value 

Salvaisan and allied arsenical prepaiations ■ — Lancehn (1912) and Aumann (1912) 
employed intravenous injections of salvarsan without benefit in plague Schut 
(1921) treated 5 cases of plague by intravenous injections of neosalvarsan all of 
which ended fatally Ram Mansoor (1922) treated one case of plague with the same 
drug and it recovered Marshall and Achhru Ram (1922) reported successful cures 
m 6 out of 7 cases treated with neoJcharswan Patel (1925) found that salvarsan 
preparations had no effect on the case mortality of plague 


Iodine and its preparations — Choksy was apparently the first to use iodine m 
the treatment of plague He (Choksy, 1901) treated 104 cases by the oral adminis- 
tration of iodine terchlonde with a mortality of 66 3 per cent Patel (1925) also 
treated 32 cases with the same drug administered orally and had a mortality of 87 5 
per cent Commissioner Booth Tucker of the Salvation Army (1913) reported 
successful cures following oral administration of tincture of iodine Connor (1912-13) 

advocated the use of this drug intravenously in plague and reported that all the 
three cases he had treated recovered Liston (1913) conducted an experiment with 
tincture of iodine among cases admitted to the Maratha Plague 'Hospital He 
classified the cases into four groups according to bacteriological findings (1) no 
plague bacilli in 0 25 c c of blood, (2) some but less than 10 plague bacilli m 0 25 c c 
of blood, (3) more than 10 but less than 100 bacilli m 0 25 c c of blood and 141 morP 
than 100 bacilli in 0 25 c c of blood He considered such a classification n^ 
as he had previously observed that all patients who showed more than in ° 
bacilli in 0 25 c c of blood invariably died, while a proportion ofca^ s^witli no plague 
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bacilli or less than 10 bacilli m 0 25 c c of blood recovered In Ins senes of GO cases, 
20 leceived the routine treatment adopted by Choksy in his hospital cases, 20 were 
treated with tincture of iodine by the mouth while 20 weie given the drug mtme- 
nously In the hist group of 20 cases theic was a moitnhti of 1G, m the second 12 
and in the last group 17 Among the cases m which recover}’- was considered 
possible from bacteriological findings ns explained above, m the hist group there 
weie 9 cases with 55 5 pel cent, mortality , m the second there were 12 cases with 
33 3 per cent mortality and m the last there were 1 0 cases w ith 70 per cent mortality 
As the number of cases tieated in each group was not sufficiently huge, he could 
not come to any definite conclusion as to the \ nine of this ticatmcnt Chohs} (1914) 
in view of the lesser mortality that followed oial administration of tincture of iodine 4 
among the cases treated by Liston, treated 27 cases by the same method and had a 
mortality of 81 5 per cent He (Choksy, 1915) made a furthei trial w ith tintture of 
iodine m 88 cases and had a mortality of 72 7 per cent Fiom these results he 
concluded that ‘ plague as observed m Bombay is unaffected and not amenable to 
treatment by iodine ’ Rama Iyei (191G) treated 6 cases of plague with intravenous 
injections of tmctiuc of iodine and of these 5 recoveied Ho also lcported that Mg 
Tha Dm tieated a few cases in Mandalay by tlie same method with satisfactory 
results Yassallo (1921) tieated 20 cases b} intravenous injections of tincture of 
iodine with 4 deaths and attributed bis good results to \cry earl} treatment 
Jeudwme (1923) found that eail} cases weie benefited by intravenous injections of 
tincture of iodine and stated that Han Ram had reported 2G cures out of 28 cases 
treated with intravenous injections and that Gian Chanel also repoitcd in the same 
manner Pal (1924) treated 2 cases with intravenous injections of iodine , of these 
one died He noticed that the injections of iodine icsultcd m the reduction of the 
temperatuic of plague patients even m septicremic cases but ' as icgards cures the 
lesults are as disappointing as with any other form of drug treatment of this dreaded 
disease 5 Naquvie (1924) reported that he had treated about 100 cases of plague h} 
intravenous injections of iodine and that most of lus cases recovered and estimated 
the cures at 75 per cent Patel (1922) employed 0 G pel cent solution of iodine 
subcutaneously and also intravenously m 153 cases w ith a mortality of 73 2 per cent, 
while the mortality among the 48 control cases w as 72 7 per cent He (Patel, 1924) 
further reported that he had treated in all 380 cases with tincture of iodine by oral, 
subcutaneous and intravenous routes with a mortality of 75 7 pei cent Marshall 
and Ram (1924) reported that the latter had treated 103 cases of plague m Uganda 
by intravenous injections of iodine and only 16 of these recoveied, and that Baker 
had treated 50 cases by tbe same method and of these 19 recovered Bhaiadwaj 
(1926) reported that he had treated about 100 cases by the same method and claimed 
80 per cent cures Mallanah (1920) advocated the injection of a solution of iodine, 
camphor and thymol into the plague bubo and leported that out of 34 cases tieated 
by this method m the Hyderabad Isolation Hospital theie w r eie 15 deaths whereas 
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when tincture of iodine wns injected into the bubo and also oinlly, all the twenty 
cases thus treated died Subbiah Pillai (1 921) trented 3 cases by Mallanah’s method 
with 2 deaths Carman (1927) repoitcd that he had treated 27 cases by the same 
method with 9 deaths (33 3 per cent) Patel (1929) treated 1 G cases by intravenous 
injections of this mixture with 14 deaths (87 5 per cent) Clioksy (1920) reported 
that he obtained good results following the use of colloidal preparations of iodine 
Out of 260 patients treated with these preparations there were 160 deaths (61 5 
per cent) Grimes (1926) treated seven cases of plague with colloidal iodine and of 
these only one died Clioksy (1918) treated 63 cases with lodeol and had 
41 deaths (65 1 per cent) 

From this review, it is apparent that a very large number of cases of plague 
have been treated especially with iodine in one form or another but with very 
divergent results some claiming cures with this drug to the extent of 80 to 100 
per cent while m the hands of others the results have been very disappointing In 
spite of these apparently conflicting results iodine continues to be a favourite remedy 
with many This is partly due to the fact that its use is unattended with any 
constitutional disturbance and that a temporary fall m the temperature of the 
patient very oftey follows its injection The divergent results obtained by these 
several observers may be reconciled when one remembers that in the course of an 
epidemic several cases of fever resemblmg plague but in reality not due to infection 
by B pestis are treated as such In a series of 276 cases that were sent to the hospital 
by medical practitioners in which we carried out bacteriological examination both 
by bubo puncture and by blood culture there were no less than 40 cases in which 
the diagnosis of plague could not be confirmed It is obvious that inclusion of such 
cases among those treated as plague with any special line of treatment will naturally 
raise the percentage of recoveries depending upon the proportion of such cases 
treated Further, even among cases that have been definitely diagnosed as plague 
and classified according to the severity of blood infection, our observations have 
shown that in purely bubonic cases m which no plague bacilli were detected m 
0 25 c c of blood the mortality under ordinary hospital treatment varied only from 
25 to 33 per cent, while m septicsemic cases m which less than ten plague bacilli were 
present m 0 25 c c of blood the mortality rose to about 75 per cent and m septicfemic 
cases m which more than ten bacilli were detected in the same amount of blood the 
mortality was 100 per cent From these results it would be evident that for correctly 
estimating the value of any form of treatment it is necessary not only to confirm 
the diagnosis of plague by bacteriological examination but also to estimate the 
severity of infection m each case 


‘ Germanm ’ is 
solution of sodium 
J j MR 


‘ Germanin ’ (‘ Bayer 205 ’) 

a loose white powder which dissolves readily m physiological 
chloride and also m cold distilled water According to "the 

4 
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manufacturers it is a complex organic combination containing neither aTsemc, 
antimony, mercury nor any other inorganic substance It is regarded as the best 
trypanosomicidal drug at present available for the treatment of human trypano- 
somiasis The manufacturers emphasize that this drug has produced no satisfactory 
results m other diseases not caused by trypanosomes It has been ascertained that 
m encephalitis letliargica, it has proved to be quite useless, while m other bacterial 
diseases and in infections caused by spirochrotcs it has not been a success They 
warn that the drug is not entirely harmless They, therefore, recommend not to 
employ it at random, as it would not only do harm but also discredit the drug 

Nevertheless, this drug has been used by some observers for the treatment of 
plague Dyce Simp (1926) reported 8 recoveries out of the 12 cases of plague he 
had treated with ‘ Bayer 205,’ while Carman (1927) found that this drug had no 
definite specific action on plague V ery recently, V incent (1931) published successful 
results he obtained in foui cases of plague uith ‘ Bayer 205 ’ In view of these 
apparently good results which arc reported to have attended the use of ' Baver 
205 ’ m the treatment of plague we undertook to test this drug m experimental 
animals 

Ouil EXPERIMENTS WITH ‘ GERMANIN ’ 

(1) Germicidal action of * Germamn ’ on B pestis 
In the first instance, we attempted to nsccitam the germicidal property of this 
drug on the plague bacillus A broth culture of B peshs of 48 hours’ growth was 
employed Equal volumes of this culture and of different dilutions of * Germamn ’ 
weie mixed togethei and allowed to stand at loom temperatuic At the end of 
15 minutes and 24- hours respectively, cultures were made fiom these mixtures on 
blood-agar slopes These subcultures weie examined foi giowtli from day to day 
for a period of seven days The results showed that the dmg has no germicidal 
action on B pestis even m a dilution of 1 m 20 and after a contact of as long as 
24 hours 

(2) Toxicity of ' Germamn ’ foi rabbits 

We then proceeded to test the toxicitv of the drug For this purpose rabbits 
weighing from 1,690 to 1,980 grammes were inoculated intravenously with a single 
dose varying from 0 01 to 2 grammes of the drug In another series, rabbits 
weighing from 1,690 to 2,790 grammes received intravenous injections of the dmg 
m doses varying from 0 1 to 0 5 gramme repeated at intervals of 24 hours foi 2 to 7 
days, the total amount of the diug injected being 0 7 to ] 25 grammes The results 
showed that the diug was not toxic to rabbits up to 0 6 gramme, given either as a 
single dose or m fractional doses , but was fatal when the dose reached 0 7 gramme 
and over with a mortality of 100 per cent, death ensuing within about 20 minutes 
to seven days according to the size and fractioning of the dose employed These 
results are summarized m Tables I andjll. 
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From Tables I and II it would also appear that either a single dose of 
0 5 gramme or repeated doses of 0 1 gramme on live successive days at intervals 
of 24 hours were well borne by rabbits 

Following the injection of a rapidly fatal dose rabbits scream, have convulsions, 
their respirations become hurried and death ensues in a short time Should the 
animal survive for a period of 24 hours or longer, as it happened when the doses 
were given in fractions, the post-mortem appearances m these animals were 
(a) haemorrhages in the walls of the intestines, more particularly m the large 
intestine, ( b ) liver presentmg appeaianccs of simple congestion to fatty degeneration, 
(c) spleen congested, ( d ) lungs presenting appearances of congestion or sometimes of 
broncho-pneumonia, and (e) pleural, pericardial and m one instance peritoneal 
effusion 
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Table II 


Weight of 
rabbits in 


Dmly mortality following 
‘ Gerirmmn ’ in 

intravenous injections of 
repeated doses 

Survivors 
at the 
end of 10 

grammes 

0 

1 

O 

1 

4 

5 

0 

7 

8 

0 

10 

davB after 
treatment 


gm 

| gm 

gm 

gm 

gm 

gm 

gm 






1,8?0 

05 

i 0 5 

D 










1 800 

0 5 

05 

D 










1,750 

0 5 

0 5 

D 










J.690 j 

0 5 

05 j 

D 










1,870 

0 25 

0 25 

0 25 

0 25 1 

D 





i 

' 



1,900 j 

0 25 

0 25 

0 25 

0 25 

0 25 


D 






2,020 

0 25 

1 

0 25 

0 25 

! 0 25 

1 

0 25 

D 







2,070 

0 25 

0 25 

0 25 

0 25 

0 25 

| 

n 






2,010 

0 1 

0 1 

0 1 

01 

0 1 




! 



l 

2,220 

0 1 

0 1 

0 1 

0 1 

0 1 







i 

2,220 

0 1 i 

0 1 

0 1 

01 

0 1 







l 

2,210 

0 1 

01 i 

0 1 

0 I 

j 

0 1 

0 1 






i 

2,790* 

0 1 

° 1 i 

0 1 

1 0 1 

0 1 

0 1 

0 1 





D 

Total 

n 








1 


*■ Died sevon dajs after tlie Inst injection D =■ Died 


(3) Tiealment of plague in crpo mentally infected labbits 

Rabbits were infected subcutaneously with our test dose, namely, 0 003 
milligram of spleen of a rat dead of acute plague The} were ticated with varying 
amounts of ‘ Germanm ’ In one series, the first dose was injected immediateb 
after infection Some of the infected animals received a single dose while m others 
the doses were repeated at intervals of 24 hours Out of 10 rabbits treated with a 
single dose varying from 0 1 to 0 5 gramme intravenously, all died by the eighth day 
after infection Of the 10 rabbits treated with repeated doses m total amounts 
varying from 0 3 to 0 5 gramme, 9 died by the twelfth day of infection, while the 
mortality among the ten control rabbits was 80 per cent during the same period 
In another senes, treatment was commenced after 24 hours of infection and tRe 
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* Get manin ’ (‘ Bayer 205 ’) in the Treatment of Blague 


infected animals received three doses of 0 1 gra m me of the drug at intervals of 
24 hours All the five rabbits so treated died by the eighth day after infection 

For purposes of comparison, ten other infected rabbits were treated at the same 
time with our local anti-plague serum All these serum-treated animals survived, 
while four out of the five control rabbits died within 9 days after infection These 
results are summarized m Table III 

Conclusions 

1 * Germanm 5 (' Bayer 205 ’) when tested m vitro was found to possess no 
germicidal action upon B peshs even m a dilution of 1 m 20 

2 The minimum lethal dose foi labbits was found to be 0 7 gramme whether 
given as a single dose or m fractional doses administered m the course of 2 to 7 days 

3 When tested m experimentally infected rabbits m tolerant doses it was 
found to possess no curative property against plague 
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IS PARAGONIMIASIS LIKELY TO SPREAD IN INDIA* 


BY 

A N GULATI, m sc (Pun] ) 

The Technological Reseaich Laboialoiy, Matunga, Bombay 

[Received, for publication, July 18, 1931 ] 


In attempting an answei to tins interrogative title, it must first be pointed 
out that India falls under the group of countries described as showing a sporadic 
distribution of Paiagommiasis (Lane and Low, 1922) The few cases on record 
aie (a) Cobbold (1859) described P compaclus from Vivena mungos, ( b ) Leiper 
(1913) recorded P weslennann from India, and suggested that P compaclus and 
P westeimmn were synonymous, the former bemg the valid name on account of 
priority, (c) Surveyor (1919) found Patagommus eggs in the sputum of a Chinaman, 
evidently an imported case, at Bombay, (d) Vevers (1923) rcdescnbedP compaclus 
from the Indian mongoose, and also recorded P iveslemiami and P lelhcotli from 
Felis tigns, and Felis bengalensis in the London Zoo, (e) Gulati (1926) discovered 
a new species P edwaidsi from a new host, Paiadoxurus grayi, m the Kumaon hills, 
Himalayas, (/) in 1926, H Cooper, Pathologist, Imperial Institute of Veterinary 
Research, Muktesar, collected pieces of lung contaimng cysts which the writer 
identified as caused by the flukes of the genus Paragonimus frota a civet-cat Vivena 
zibetha, a hitherto unrecorded host 15 

To sum up, the disease exists in India among wild animals, and has been noted 
m two imported human cases These stray records suggest that either (1) there is 
actual sparsity of the disease, or (2) there is lack of investigation The truth of the 
two possibilities can be verified by future investigations alone 

Since the validity of species from man as distinct from those described from 
wild animals has been doubted, and specificity of host relationships are not much 
adhered to by some helminths infecting man, the question whether the sporadic 
distribution noted above threatens human health or that of his livestock to any 


* This collection was made from Gauhati, Assam, by Mr H Cooper Other worms collected from 
the same host were identified by the writer as Anlylostommn brazikmr and Rictulana sp Dr H A 
Baylis of the British Museum in a private communication suggested that this Rictulana sp was possiblv 
a new species although closely allied to R cahirensis wjershold 1 P iDly 
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Is Paragonimiasis Likely to Spread in India ? 


extent merits consideration at the hands of the experts and authorities As far as 
wild animals are concerned, the occurrence of a case in the Kumaon hills, and 
another m Assam, two places nearly a thousand miles apart, is indicative of an 
enzootic area along the lower range of the Himalayas which may extend mto Burma 
Again the infection of Indian tigers recorded abroad suggests that the enzootic area 
is associated with the distribution of the wild Felidae The geographical distribution 
of Paragonimiasis m countries such as suiround India on the North and East, viz , 
China, Indo-chma, Annam, Mala)’- Peninsula, and Sumatra, increases possibilities 
of the dissemination of this affection m India on account of (1) adjacency, (2) the 
trans-Himalayan origin of rivers of Indian plains winch may bring with them the 
two lands of intermediaries namely snails and Crustacea infested with Paragommus 
cercanae and cysts, (3) the wide range of tinvcl possessed by wild beasts, which 
may serve to scatter the lung-fluke eggs far and wide to be taken up by suitable 
intermediate hosts 

The known snail hosts are (I) nine species of the genus Melama ( Tmra ) m 
Japan, and (2) one species of AmpuUana in Venezuela The old genus Tmra is 
represented by nine sub-genera m India Out of these two species of the sub-genus 
Acrostoma and three of Melavoidcs, the foimei showed two kinds of cercarim per 
species, while the lattei haiboutcd four, tw'o and seventeen different cercnrife 
per species as listed by Sewell (1922) None of these cercar ire described seem to 
approach the one described foi Paragommus m China (Faust, 1922) In view of 
this knowledge, three questions that lemam to be solved are 

(1) Are the above snail hosts likely to harbour cercarue other than those 
described by Sewell, including among them those of Paragommus ? 

(2) Can the Paragommus cercarue be harboured b) other snails present m 
India ? 

(3) In the event of the absence of a favourable field can the affection constantly 
pour into India in encysted form through the second intermediate hosts or Crus- 
tacea ? 

The known crustacean hosts according to the Japanese workers, as cited by 
Baylis (1929) are three species of the genus Polamon co\ cling as its synonyms 
the genera GeothcVphusa and Parathclplmsa , one species of the genus Sesarma , 
two species of the genus Enocheir , and three species again of the genus Astacus 
In Venezuela the reported crustacean host belongs to the genus PseudotJiclphusa 
Among a large numbei of geneia belonging to the family Potamomdw, Kemp (1924) 
records species of the genus Parathelphusa, mentioned above as a synonym of 
Potamon, m the collection of the Indian Museum, Calcutta As for the other above 
named genera, further search appears necessary before their absence from India 
can be verified 

At and around Muktesai wheie infected Paiadoxw us gi ayi was found, between 
an altitude of 5,000 to 7,500 feet, m a vicinity of about five miles ladius m the 
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Kumaon lulls, the writer’s attempts to search for fresli-water snails m streams 
and springs weic never successful during his stay of three years m that pait of the 
country Snails of the genera Limnaia and Indoplanoibis are present in Bhimtal 


Map 



at a height of about 4 000 feet above sea-level Cercarne from both these kinds of 
nai s were studied, though not extensively, and it was noticed that Indoplanorbis 
harboured Sclastosomum cercari* This would account for the incidence of 
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schistosomiasis in equmes, cattle and sheep at Muktcsar detected by Montgomerie 
(1906) The cercarite studied from Lwmcea spp wci c apparently all already described 
by Sewell (1922) It is therefore noted with some interest that although Paradoxurus 
giayi the optimum host of P edwaidsi w as found at Muktcsar, yet the vicinity 
showed no signs of the presence of any intei mediate hosts This fact is noteworthy 
for it takes us back to the possibility suggested above that wild animals can pick up 
the affection from some far off plncc mni be, m the plains of India or from the 
trans-Himalayan plateau In either case a thoiough search for human affection 
is suggested along the base of the Himalayan inngc including the Gangctic plain, 
the most suspected enzootic aiea, wheie at least some of both the necessary inter- 
mediate hosts are known to exist 

Note — It is acknowledged that the facts of this note were gathered In the 
writer when he was emplojed at the Impel ml Institute of Vetcimary Hesearch, 
Muktesai, duiing his sta} theie from June ] 924 to July 1927 He has pleasure m 
according thanks to the Director of the said Institute foi kmdh permitting him to 
publish the above matter m lus own name 

The above Map maiks the place of occimence of Pautgonmnts spp and also 
the suspected enzootic aiea 
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ACTION OF NARCOTINE ON THE GASTRO-INTESTINAL 

TRACT 

BY 

B B DJKSHIT, mb, b s , n v ir , 

Professor of Phaimacology 

(Fiom the Department of Phaimacology, Medical College, Vtzagapainm) 

[Recci\ccl for publication, July IS, 1931 ] 

Of the alkaloids of opium, narcotine is second only to morphine as regards the 
quantity of alkaloid m the crude product In the manufacture of morphine there- 
fore a considerable amount of narcotine is produced and m order to see if this could 
be made use of m therapeutics, we made an investigation into its pharmacological 
action (Chopra, Mukerjee and Dikshit, 1930) The depressant action of the drug 
on non-stnped muscles of the body was demonstrated and it was suggested that 
among other therapeutic applications of the drug, its sedative action on the gastro- 
intestinal system might be utilized This study was therefore undertaken to 
determine m some details the action of narcotine on the gastro-mtestmal tract 
Experiments were conducted on the amphibian and mammalian stomach and 
intestines Mammalian experiments no doubt give more information about the 
possible action of the drug in human beings The powerful depressant action of the 
anaesthetic m mammalian experiments both on the movements and the secretions 
of the gastro-mtestmal tract is a disadvantage m ordinary methods Experiments 
were therefore conducted to deteimine the action on animals without giving any 
anaesthesia 

Absolution —Introduction of the drug (0 1 g per kilo of body- weight) through 
the gastric fistula of a cat will bring about symptoms of narcotine absorption like 
salivation and restlessness within about 14 to 20 minutes A bigger dose may 
produce the action m lesser time but leads to toxic symptoms Rectal injections of 
0 1 g per kilo doses, however, bring about the symptoms of absorption within 
about 7 minutes The drug is therefore absorbed more rapidly from the colon 
An injection of the same dose (0 1 g per kilo) given into the exteriorized loop 
of the small intestines of an animal will produce symptoms within about 1 0 minutes 
It is evident from the foregoing experiments that the drug is absorbed fairly rapidly 

( 765 ) J 1 * 
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from the smaller intestines and the colon It can not he said with ecitamty, 
however, that the drug is absorbed from the stomach as well The drug introduced 
into the stomach produces symptoms within about 14 minutes Within this time 
it will have reached the smaller intestines and have produced symptoms from being 
absorbed from there As will be shown later the drug has a marked influence on 
the emptying time of the stomach and it is retained m the stomach for a long time 
Sufficient quantities, however, will be able to leave the stomach and enter the small 
intestine befoic the action on the pylorus is manifested To study the absorption 
of the drug from the stomach, therefore, the following experiment uas done The 
abdominal cavity of gumea-pigs was opened under ether nnresthesia and the anterior 
wall of the stomach sutured m the wound after ligating the pylorus The animals 
were allowed to recover from anaesthesia and the drug injected directly into the 
stomach cavity Control experiments were done by performing the same operation 
but injecting normal saline instead of narcotine solution The animals v ere watched 
for about six hours to see if any symptoms of absorption of the drug were manifested 
As a rule Ho symptoms are seen The animals generally die vitlnn 24 hours after 
the operation of ligation of the stomach The stomach, small intestines and the 
colon are ligated separately and their contents examined for the presence of the 
alkaloid, for, as will be shown later, the drug, after absorption, is excreted through 
the bowels It is found that the small intestines show a tiace of the alkaloid while 
the colon is free from it This shows that the drug is absorbed m very small 
quantities from the stomach if it is allowed to remain there for a sufficiently long 
time Narcotme therefore is absorbed from all the three portions of the gastro- 
intestinal tract although the absorption from the stomach is negligible 

Excielivn — Excretion of the drug was studied in rabbits A dose of 50 mg 
per kilo was injected hypodermically m animals who -were starved 24 hours pre- 
viously and were given only water to drmk The animals were again starved aftei 
the injection and killed after about 24 hours The stomach, small intestine and 
the colon were ligated separately and removed The contents of each were v ashed 
with distilled water, acidulated with hydrochloric acid, filtered and tested with 
Mayer’s reagent It is found that the intestinal washings give a heavy precipitate 
while the washings from the stomach show only a slight haziness Washings from 
the colon give a distinct precipitate though not so heavy ns m the case of the small 
intestines It can be surmised from the above experiments that the drug is excreted 
mostly through the small and large intestines and traces of it through the stomach. 
Of course m such methods it is quite possible for the stomach contents to emptj' 
themselves into the intestines and the intestinal into the colon The results are, 
however, sufficient to conclude that the drug is excreted through the gastro- 
intestinal tract 

Movements of the stomach — The depressant action of narcotme on the unstriped 
muscles of the frog’s stomach is seen markedly There is sometimes a slight initial 



B. B. Dilshf 


707 


stimulation of the muscle followed by a marked and complete inhibition of the 
movements of the fundal as well as the pyloric portion of the stomach Isolated 
perfused muscle strips of the frog’s stomach slidw a similarly marked depression of 
the tone of the muscle and inhibition of the automatic movements, after addition of 
naTCotme so as to give a concentration of 1 m 5,000 or more 

Intravenous injections of narcotine produce a relaxation of the tone and 
inhibition of the movements of the stomach of animals like the cat and the dog 
The movements were studied by fixing one end of the Jackson s enterograph to 
a point m the greater curvature of the stomach and pinning another point about 
one inch away and fixing it to a writing lever The depression is very clearly seen 
though it is not so markedly evident as m the case of the frog because the muscle 
is already depressed by urethane which anaesthetic was generally used for these 
experiments 

Experiments were therefore conducted to see the effect of narcotme on the 
movements of the mammalian stomach without any ancesthesia Cats were used 
for this purpose A gastrotomy opening was made in the stomach of a cat by the 
ordinary method A cone from the anterior wall of the stomach was pulled out, 
and the base of the cone stitched to the anterior abdominal wall The apex was 
taken under the skin for a distance of about one inch, incised and stitched to a small 
cut m the skm The mam incision was closed and the wound allowed to heal A 


rubber tube was insetted into the gastrotomy opening to prevent it from being 
closed The animal recovers withm about a week Experiments in this series were 
conducted on cats operated about six months before Plate XXXVIII, fig A, shows 
the action of narcotme in such an experiment The animal was starved twelve 
hours before, a rubber balloon was inserted into the stomach and a rubber catheter 
inserted into the rectum to give the injection without disturbing the animal A 
dose of 0 I g per kilo was administered It will be seen that the stomach movements 
are slightly increased followed by an inhibition and complete cessation Recovery 
takes place after about one hour 

If the drug is administered directly into the stomach the inhibition of hunger 
contractions sets in immediately and lasts for about an hour (Plate XX XVIII 
fig C) The hunger contractions of the stomach are inhibited m a number of ways 
and many times simple chewing of food-stuff s is sufficient to inhibit them Similarly 
introduction of water, saline or any other fluid will cause a temporary inhibition of 
hunger contractions The sudden cessation of hunger contractions after introduc- 
tion of narcotme solutions is therefore not of much importance The prolonged 
inhibition of contractions is, however, significant for it is not brought about bv 
water or salme Narcotme may therefore find some use as a drug which alienates 


Narcotme, however, has another important action, that of 
delay in the emptying time of the stomach, 


causing a remarkable 
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The delay m the emptying time of the stomach can be demonstrated m both 
amphibian and mammalian stoinachs A cannula is inserted into the cardiac end 
of the frog’s stomach through the oesophagus and another mto the duodenum within 
two to four millimetres of the pylorus The stomach is lemoved from the body and 
perfused with frog’s Ringer at constant pressure The outlet is measured by 
recording drops by a Conden’s drop rccordei The rhythmic character of the flow 
can very well be demonstrated by this method An addition of narcotine solution 
to the perfusate immediately slackens the flow which continues at a slow speed till 
the whole of the nareotme solution is washed out of the stomach A similar 
experiment conducted on a cat in situ will show a marked slackening of the flow of 
fluid from the pyloric end of the stomach Plate XXXIX, figs E and F, sliow r the 
effect of narcotine on the outflow' and inflow of the stomach of a cat m such an 
experiment 

The remarkable delay caused in the empty mg time of the stomach can be more 
strikingly seen m radiographic experiments The usual dose of narcotine is intro- 
duced into the stomach follow ed tw enty minutes later by a barium meal Skiagrams 
are taken every tw r o hours to see the progress of the meal The usual emptying 
time of the stomach of a cat is about two hours After narcotine however, the 
stomach contains a considerable amount after six hours and traces of the meal are 
seen even after twenty-foui hours (Plate XL) It appears therefore that narcotine 
like morphine produces a powerful spasm of the p) loins and causes a delay m the 
emptying time of the stomach foi several hours This is an important action of 
nareotme and may explain the gastro-mtestinnl disturbances caused by the drug 
after administration of small doses m human beings 

Movements of the intestines — The depressant action of narcotine on the 
unstriped muscle of the intestines has been already demonstrated (Chopra Mukerjee 
and Dikslnt, 1930) In acute exponments conducted under urethane anaesthesia 
narcotine given mtiavenously relaxes the tone of the muscle and diminishes its 
rhythmic movements Perfusion exponments until rabbits and kitten s intestines 
similarly show a relaxation of the tone and inhibition of the movements (Plate 
XXXVIII, figs B and D) 

The same results are seen in the case of the amphibian intestines both m 
perfusion experiments as well as in experiments in situ The depressant action of 
the drug in acute experiments therefore is quite marked and can easily be demons- 
trated It remains to be seen, however, how far the therapeutic doses will be able 
to produce the action especially when given by the oral method To study this 
dogs with modified Thiry fistula were used 

Under morphine-chloroform anaesthesia, the abdomen of a dog w r as opened 
by a median incision and a length of bow'el about eight, to ten inches in length was 
taken out of the wound A lateral anastomosis w r as done and the ends of the loop 
were ligated by stiong silkworm gut just near the anastomosis The continuity 
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of the gut was thus established while a loop was isolated from the gut with its 
neivous and vascular supply intact A small portion, about half an inch of the 
convex border of the loop was then stitched in the abdominal incision which is then 
closed An opening is made m the bowel wall and the wound allowed to heal 
After the opening, the alkaline juice of the intestines causes irritation of the abdo- 
minal wall but beyond this there is no other effect produced The animal is ready 
for experiments after about three or four days Injections can be given by hypo- 
dermic methods or introducing the ding directly into the loop of the intestine or 
through the rectum A balloon is inserted into the lumen of the loop of the bowel 
and tracings taken m the usual way In such experiments doses of narcotine as high 
as 0 1 g per kilo produce a depression of the movements of the intestines which is 
not very marked and which lasts only for a short time (Plate XXXIX, figs A 
and B) It appears therefoie that under ordinary conditions when narcotine is 
given bv the oral method it will be able to cause depression of intestinal movements 
only in big doses and only for a short time The effect is more marked when the 
intestinal muscle is excited by administration of pilocarpine but still a fairly large 
dose is necessary to bring about the action of inhibition When administered by 
the oral method therefore narcotme has only a feeble depressant action on the 
movements of the intestines 

Movements of the colon — The effect of narcotme on the movements of the 
colon is the same as its effect on the small intestine The action, however, is seen 
less markedly on this portion of the gastro-mtestmal tract Perfusion experiments 
with portions of the rabbit’s colon show a relaxation of the tone of the muscle after 
addition of solutions of narcotme giving concentrations like 1 m 50,000 and more 
In cats under urethane anaesthesia, intravenous injections of narcotme show a similar 
effect Movements of the rabbit’s colon without anaesthesia were studied by in- 
troducing a small balloon into the rectum of a rabbit and recording the contractions 
by connecting it with a tambour Injections were given into the ear vein Plate 
XXXIX, fig D, shows the effect of narcotme in such an experiment 2 5 mg of 
narcotme per kilo were injected into the ear vein There is relaxation of the tone 
of the muscle and inhibition of the contractions 

Movements of the oesophagus — Like the other portions of the gastro-mtestmal 
tract, the movements of the oesophageal muscle too are inhibited by narcotme 
Plate XXXIX, fig C, shows the effect of the drug on the automatic movements of 
the frog’s oesophagus Addition of narcotme to the perfusate so as to give a con- 
centration of 1 in 50,000 produces an immediate cessation of the automatic move- 
ments of the muscle 

Action on secretions of the gastro-mtestmal tract 

(i) Salivary secretion —In acute experiments with urethane anesthesia 
injections of even large quantities of narcotme do not produce any appreciable 

J j MU 
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change in the amount of salivary secretion In experiments without anesthesia, 
however, doses of narcotme, when given into the stomach through the gastric fistula 
or into the colon through the rectum, cause salivation It can not be said with 
certainty whether the salivation is dncct or indirect from the foregoing experiments 
It is, however, quite possible that the action of narcotme causing a powerful spaSm 
of the pylorus may be responsible foi causing nausea and this may m its turn cause 
an increase m the salivaiy seciction As will be seen latei, administration of 
narcotme to human beings causes a definite sensation of nausea m comparatively 
small doses The sialogogue action of the drug is therefore more probably an 
indirect one when it is seen in animals after the administration of narcotme 

(n) Gaslnc secichon — In absence of a Pavlov’s pouch the gastric secretion 
was studied through the opening of a gastric fistula m a cat By this method small 
changes in the amount of the secretion can not be demonstrated, but if the changes 
are sufficiently marked they can be estimated by measuring the amount of secretion 
directly It was found that there was no appreciable change in the amount of 
gastric secretion after hypodermic injections of narcotme given in sufficiently large 
doses 

(m) Intestinal secretion — In order to see if there was any increase or decrease 
m the amount of intestinal secretion after the administration of narcotme, a small 
rubber tube, with holes on all sides, was inserted into the opening of a Tlnry’s fistula 
m a dog, and the juice collected m n lubber bag The amount of secretion at hourly 
intervals was measured which served as controls The injections were then given 
hypodermically In such experiments, even large doses of narcotme do not show 
any marked variation in the amount of secretion from the controls done It appears 
therefore that the drug has not got any marked action on the secretion of the 
intestinal juice 

Action on enzymes 

(%) Proteolytic digestion — I am indebted to Dr B P Mukerji of the Calcutta 
School of Tropical Medicine and Hygiene, for having carried out experiments to see 
the action of narcotme on the proteolytic enzymes Benger’s Liq Pancreaticus 
with twice its volume of one per cent sodium carbonate solution, shaken up well with 
a little Fel bovinum, was used as the digesting agent Digestion on protein was 
tested by the action of this artificial pancreatic juice on unstained fibrin and noting 
changes m peptone formation as estimated by biuret reaction To several tubes 
containing the artificial pancreatic juice quantities of narcotme were added so as 
to give concentrations of the drug varying between 1 in 200,000 to 1 m 1,000 
Fibrin was added to each tube and all the tubes incubated for three hours It was 
found that even strong concentrations of narcotme did not interfere much with the 
digestion Narcotme appears to have no marked action on the proteolytic digestion 

(n) Peptic digestion — Carmine fibrin method of peptic digestion was used 
To several tubes containing pepsin with 0 2 per cent hydrochloric acid, different 
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quantities of narcotme wcie added so as to give concenti ations varying from 1 in 
100,000 to 1 m 1,000 Small bits of stained fibim were then added to each and the 
tubes incubated The degree of digestion was judged by noticing the amount 
of dye liberated fiom the digested fibrin It is found that although the digestion 
of fibrin is comparatively less with higher concentrations of narcotme, with these 
concentrations the digestion is not mterfeied with to any marked extent Narcotme 
therefore has an inhibitory action on peptic digestion which is very feeble 

(in) Ainylolylic digestion —To study the action of narcotme on the digestion 
of starch, saliva was used as the digesting agent Equal quantities of saliva freely 
diluted and a 3 per cent solution of starch were incubated for fifteen minutes after 
adding narcotme to give vanous concentrations between 1 in 500,000 and 1 in 500 
The amount of maltose formed in the diffeient tubes was then estimated by using 
Benedict’s reagent The following Graph gives the results obtained m such an 
experiment — 


Graph 



Horizontal line represents the concentration of narcotme 
in the tubes, while the vertical represents the amount (in 
mg ) of maltose m those tubes The tubes contained equal 
quantities of starch and saliva and were incubated for fifteen 
minutes 
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It will be seen from the Graph that with 1 in 500 concentration of narcotine 
there is a complete inhibition of salivary digestion while with higher concentrations 
the digestion is only slightly inhibited The difference m different concentrations 
between 1 in 500,000 and 1 m 5,000 is only slight Narco tine therefore has, only m 
strong concentrations, a marked mhibitoiy influence on the salivary digestion 

Symptoms m human beings — The effects produced by the drug w ere seen by 
taking a small dose of narcotine on an empty stomach There was a slight nausea 
and vertigo especially on moving the head from side to side Disinclination to 
take food persisted for about four hours There was no tendency to constipation 
after 5-giain doses The drug was given in 5-gram doses three times a day to an 
asthmatic patient He complained of about the same sj mptoms — nausea, giddiness, 
especially when trying to sit up m bed, and disinclination to take food There was a 
slight tendency to constipation Similai symptoms weie produced in other healthy 
individuals who volunteeied to take the drug and report the effects produced 

Discussion 

It will be seen from the experimental data given above that the important 
actions of narcotme on the gastro-mtcstmal tract are the following It produces a 
powerful spasm of the pylorus and remarkabh delays the erupt) mg time of the 
stomach It has a depressant action on the plain muscles and inhibits the move- 
ments of the gastro-intestinal tract, and thirdly it slightly interferes •with the 
different digestive processes of the body Out of these three important actions, 
the second, namely, its sedative effect on the gastro-intestmal tract offers itself as a 
possible reason for its employment m therapeutics It will be seen, however, that 
the depression is seen only when sufficiently large doses are given and such doses are 
very likely to interfere with digestion m a deleterious way It was thought that 
the depressant action of the drug on the movements of the intestines may be used 
to counteract the griping associated wuth some purgatives If sufficiently large 
doses are given the drug may bring about tlie desired effect of reducing griping, but 
the other side effects produced contra-indicate its use as such 5-gram doses given 
three times a day only show a tendency to constipation It can not be said with 
certainty that m such doses the depressant action of the drug on the muscles of the 
bowels is manifested, foi the tendency may be due to the spasm of the pylorus 
which itself may be sufficient to produce constipation It is therefore evident that 
if the drug is at all to be used to allay griping it must be given m larger doses than 
5 grains t d s Such doses are sure to upset the digestion to a great extent and the 
effects will last for some time It is not therefore likely that narcotme well find a 
use as a corrective for purgatives The inhibitory influence of narcotme on the 
hunger contractions of the stomach indicate its use as a drug which relieves hunger 
It may be used as such but clinical trials on a larger scale alone will prove whether 
it is of use to dimmish hunger The undesirable side effects, however, may 



Plate XXXVIII 







Plate XXXIX 



NaRCOTJNE J-IO.OOO 

Fiona Ce>c>H'«V'-S 
\‘Jf) ~ * 

Ln+ mn turn M i ; -4 w ; 1 1 > ' i -w- 


Fig C 


Fig D 


% CcL 5 •! VX'-n. 



( i lii iia 





Wra-aivU 

r _ 


0*v 


r r rrn 


%G "K^K 

f\IA3C0T t, V'r- 


V.M^CCV'f (iMC. 

v-30 ' 

hH-H if 1 ( 1 1 H 't- H J i — H H I Hi l -l- t — H -H -H-M+ |-t , - H I l i I I 1 1 ri +H-Hj t -i^ 1~H H H-l -FH-4 — trifctjtjit+'H-i 1 -h ht fit < • 


Fig E Fig F 

Shows the intestinal movements of a pup as they occur normally 
Shows the same movements after administration of 100 mg of narcotme to the pup 

Shows the efiect of narcotme m 1 in 10,000 dilutions on the isolated strip of a frog’s oesophagus The drug was added 
at the arrow mark Note the complete cessation of automatic movements 
Shows the movements of the colon oi a rabbit Narcotme given at arrow mark. Note the inhibition of movements 
and relaxation of the tone of the muscle Intravenous injection given 

Upper tracing inflow lower tracing out flow of the stomach of a cat Narcotme given at the notch Acceleration of flow 
due to pressure of injection and subsequent recovery 
Same as Fig E after 20 minutes Note the marked reduction of the flow 








Plate XL 
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contra-indicate its use It will be seen therefore that narcotme does not promise 
to be a useful drug so far as its action on the gastro-mtestmal tract is concerned 
It can not be used with much advantage m therapeutics, to treat cases of gastro- 
intestinal diseases 

Summary and Conclusions 

(1) Narcotme is absorbed through intestines and to a certain extent from the 
stomach as well 

(2) It causes a marked delay m the emptying time of the stomach and inhibits 
the hunger contractions 

(3) In sufficiently large doses it causes a relaxation of the tone and inhibition 
of the movements of the intestines 

(4) Its effect on the different secretions of the gastro-mtestmal tract is not 
marked The enzyme actions are slightly inhibited 

(5) Symptoms m man are descubed 

(6) Narcotme is not likely to prove of much use m therapeutics as far as its 
action on the gastro-mtestmal tract is concerned 
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Chaulmoogra oil lias been used m the treatment of leprosy for a very long 
time m India It was taken internally as well as applied externally to leprous 
lesions The irritant nature of the oil, however, prohibited its use in sufficiently 
large quantities because it could not be tolerated Its use therefore was limited 
till the method of giving it by intramuscular and hypodermic injection was brought 
into prominence 

Power and his co-Woikers (1904) determined the chemical nature of the import- 
ant constituents of the oil and showed that it consists of glycerides of a group of 
unsaturated fatty acids which are optically active and are very peculiar m having 
a closed five carbon ring Hydnocarpic and chaulmoognc acids were shown to be 
the two important acids of the oil and it is believed that the former is more potent 
than the latter m the treatment of leprosy In 1913 Heiser reported successful 
treatment of leprosy by giving the oil by intramuscular injections This was a 
great step in advance for the drug could now be given m much larger doses The 
irritant nature of the oil, however, is a drawback associated with this method as it 
produces pain and sometimes leads to necrosis at the site of injection If, however 
the oil is prepared after due precautions as advised by Muir the irritant action of the 
oil is considerably lessened In 1916 Rogers prepared sodium salts of the mixed 
acids and administered them in cases of leprosy with brilliant results Roger’s 

( 775 ) 6 
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success clearly established the value of chnulmoogra salts m the treatment of leprosy 
and the method was used very extensively with gratifying results These salts 
too possess the irritant action of the oil and this constitutes a great disadvantage 
especially if the salts are to be administered by the intravenous method Rogers 
(1916 a and b) is inclined to attribute the pain to the presence of palmitic acid 
Working subsequently he expressed doubts if the chaulmoogric and palmitic fraction 
is of real value The remaining acids which m his case has a melting point between 
37 and 40 degrees gave soluble sodium salts and he advocated the use of these salts m 
2 to 3 pel cent solutions intravenously Martmdale (1922) working on about the 
same lines fractionated the acids of chaulmoogra oil m tv o groups and advised their 
use as sodium salts The first termed Sodium Chaulmoograte ‘ A ’ comprises the 
salts of higher acids with relatively high melting points The second termed 
Sodium Chaulmoograte ‘ C ’ comprises the lower acids with relatively low melting 
points It contains the low'd homologues with combined melting point of 
25 C C approximately In a previous communication (1931) wc have reported 
successful treatment of leprosy with one of the sodium salts of a lower melting 
point fatty acid of hydnocatpus oil named b) the manufacturers (Burroughs 
Wellcome & Co ) as ‘ Alepol ’ It is the object of this study to compare the 
pharmacological actions and theiapeuiic uses of soaps prepared from the 
whole oil and those prepared from ceitam fractions of the oil especially the 
low r er ones possessing a low melting point A study of the pharmacological 
action of Alepol is given m this papei 

Expliumlnsal 

Expeiiments rvcic conducted on cats, dogs and rabbits with and without ames- 
tliesia Guinea-pigs and fiogs were also used m some expeiiments to compare the 
actions as foi example in toxicity tests Ui ethane anaesthesia was generally used 
for cats and rabbits and in dogs it was supplemented by morphine In experiments 
without anaisthesia when an operated animal wms used, care was taken to see that 
at least one week had elapsed between the operation and the experiments In most 
of the experiments animals operated about three months previous^ w r erc used 
but some in which the operation was done only a w r cek before are also included 
m these experiments The operated animals w r ere trained to be dowm on the 
table duriug the experiment Experiments were done on all the three species 
to see if there was any difference in the* response It w r as found that the nature 
of response in all the animals was the same 

Toxicity 

Toxicity tests were done m fiogs, guinea-pigs, rabbits, cats and dogs with and 
without anaisthesu and in different concentrations of the solutions 
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( t ) Fiogs —When injections aic given in the anterior lymph sac frogs tolerate a 
dose of 0 3 mg per gramme of body-weight, associated, however, with very severe 
symptoms and a dose of 0 4 mg is as a rule fatal Post-mortem examination after 
a fatal dose show a marked depression of all the unstriped muscles of the body if the 
examination is done immediately after death The left heart is markedly contracted 
and the right dilated 

( M ) Guinea-pigs —Toxicity m these animals was tried by hypodermic injections 
of Alepol When administcied by this method the average toxicity works up to 
0 45 grammes per kilo of body-weight Animals which are given gradually increas- 
ing doses of the drug show a numbei of haemorrhagic patches especially under the 
skm and in the lungs Post-mortem examination of animals after a fatal dose shows 
a contracted left heart, a dilated right heart and patches of hsemonhages m several 
places The liver shows fatty infiltration m a majority of cases Kidneys are 
hypenemic but m man} 7 cases signs of inflammation were wanting 

(m) Rabbits — When strong concentrations like 20 per cent are injected 
intravenously m rabbits they tolerate a dose of about 0 025 g per kilo of body- 
weight associated with very severe symptoms Patches of haemorrhage m various 
places under the skm are seen after 24 hours If in an animal like this a very small 
dose is injected the next day this dose is sufficient to kill the animal An average 
dose of 0 027 g per kilo is as a rule fatal in rabbits when 20 per cent strengths are 
used With 7 per cent strengths, however, an intravenous dose of 0 055 g per kilo 
can be tolerated with very severe symptoms and with more dilute solutions like 
3 per cent the fatal dose is somewhere between 0 06 and 0 065 g per kilo The 
toxicity is dependent upon the rate of injection In all the above experiments the 
rate of injections was the same It will be seen therefore that the toxicity of 
Alepol markedly increases with the increase m the concentration of the solution 
The difference between 20 and 7 per cent strengths is twice as much With 
toxic doses the animal dies with convulsions Post-mortem examination in these 
animals show about the same changes as are seen m the guinea-pig The left 
heart is contracted while the right is dilated 

(iv) Dogs —Toxicity m dogs was tried m animals under morplime-urethane 
anaesthesia A 3 per cent solution was slowly introduced into the femoral vein 
through a cannula The average toxicity m these animals when determined by this 
method is about 0 3 g per kilo of body-weight 

(v) Cats —To determine the toxicity of Alepol m cats both intravenous and 
hypodermic injections were given The former were given m animals under 
urethane anaesthesia while the latter were given to animals without any 
anaesthesia When given by the intravenous method the toxicity is about the 
same as in dogs, that is about 0 3 g per kilo of body-weight 
0 4 g per kilo are tolerated associated, however, with loss of we 
The fatal dose will be considerably higher than this dose 


Hypodermically 
it and appetite 
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The following table gives a comparison between the toxicity of Alepol and 
Martmdale’s ‘ 0 ’ preparation, both of which belong to the lower fatty acid group of 
chaulmoogra oil and have a low melting point — 

Table I 


Shoivs the compm alive toxicity between Alepol and Mai huddle’ s 

‘C ’ piepaiation 



Strength of 
solution 
pci cent 

Dosr ix oitAMMrs run kilo 


Amimi 

Alepol 

*C’ 

Remarks 

: 

Rabbit 

20 

I V 

0 023 

0 10 

Tolerated 

Rabbit 

2 

I V 

0 050 

1 

l'' 

o 

O 

Marked symptom 

Rabbit 

2 

I V 

1 

0 0G5 

0 12 

| Death 

Cat (U) 

20 

1 V 

0 20 

0 10 

Sun ired 

Cat (U) 

20 

1 

I V 

0 10 

0 IS 

Death 

Cat 

20 

H D 

0 10 

0 50 

Los 1 ; of v eight 


I V =Intravenous injection , H D = Hypodermic injection , (U)=Urothanc nwoithosia 


It will be seen from the table given above that the toxicity of Alepol 
compares favourably with that of Mnrtmdale’s * C 1 preparation The toxicity m 
rabbits, however, shows mailced difference In 20 per cent strength Martmdale’s 
‘ 0 5 can be tolerated m 01 g doses while 0 027 g of Alepol m the same strength 
are fatal With more dilute conccntiations the difference is less In cats Alepol 
is uniformly less toxic than the other preparation 

Action on tuberclc bacilli 

Walker and Sweeny (1920) have demonstrated the remarkable toxic action of 
chaulmoogra salts on the growth of tubercle bacilli They find that the sodium salts 
of the fatty acids of the chaulmoogra oil arrest the growth of the acid-fast bacteria 
m dilutions of 1 m 1,000,000, and kill them m 1 m 100,000 This shows that they 
are about 100 tunes as active as phenol This action, howevei, is seen only on 
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acid-fast bacleiia Experiments were done to sec the notion of Alcpol also on the 
growth of tubercle bacilli The results me given in the following table — 

Table II 


Shows the growth of tube) clc bacillus m a glucose biolh culture medium 
containing vauous concent) ahons of Alcpol 


Control 

1 in 1,000,000 

1 m 500,000 

1 in 200,000 

1 in 100,000 

1 in 50,000 

1 in 20 000 

1 in 10,000 

1 m 5,000 

o 

o 

© 

r—> 

c 

f-M 

+ + 

+ 

+ 

— 

— 

— 

— 

— 

— 

— 


+ =Growth, — = No gioutli 


A naked-eye examination of the culture tubes was made every week and it was 
found that even m a dilution of 1 m 1,000,000 there was no growth up to two weeks 
A microscopic examination at the end of three months showed an arrest of growth 
m concentrations of 1 m 200,000 The control showed very good growth while the 
growth m 1 m 1,000,000 and 1 m 500,000 dilutions was not very marked 
Experiments to determine the strength necessary to kill the organisms are m 
progress and will be reported later It will, however, be seen that Alcpol too 
possesses the remarkable toxic action on acid-fast bacteria that is characteristic of 
the other salts of chaulmoogra 

Action on certain helminths 

(t) F ilana — The specific toxic action on the tubercle bacilli exerted by the 
derivatives of the chaulmoogra oil appears to be due to their solvent action on the 
waxy envelop of these bacteria It was therefore thought that the drug may be 
useful m filariasis as well At the suggestion of, and in collaboration with, Dr C G 
Pandit of the King Institute of Preventive Medicine, Gumdy, Madras, the effect of 
Alepol injections m the filanasis of crows was studied When intravenous injections 
of Alepol are administered to crows, a marked reduction of the number of the 
microfilaria m the peripheral blood is seen within twenty-four hours The effect 
however, is not lasting and some time later the count again rises The reduction 
in the count immediately after the injection is, however, very marked In vitro 
experiments with microfilariae m the human blood did not show a marked suscenti 
bility of microfilariae to Alepol If high concentrations like 1 m 10,000 are brought 



780 


Salts of Fatty Acids of Chaulmoogi a Oil 


m contact with a drop of human blood containing microfilariae and examined under 
a microscope it is found that the parasites are quite active after a contact of about 
two hours With higher concentrations bice 1 m 5,000 their movements become 
markedly sluggish and slow after about one hour’s contact, but even after 8 hours 
signs of life arc still present Work m connection with the treatment of filanasis 
with injections of Alepol m human beings is m progress 

(?.?,) Tapmorms — Alepol appears to have a toxic action on some of the intestinal 
worms The round and thread worms do not appear to be affected by even strong 
concentrations of the drug The tapewoi'm however shows a distinct effect with 
comparatively lo\v strengths The following table shows results in one of the 
experiments on the Tenar of cats T sonata — 

Table III 


Shoivs the effect of diffeicnt concentrations of Alepol on the movements 

of T serrata of cats 


Concentration 

1-5 

1-10 

1-100 

1-1,000 

1-10,000 

1-100,000 

Timo m minutes to rentier 

It 

It 

}■ 

o 

•10 

f>0 

the w orm motionless * 








* Control w ith Locko’s solution — Worm nctir o after 2 1 hours f Immediate 


In experiments like the one given above segments of the same worm of approxi- 
mately the same length were used Although the worm loses all movements, if it is 
transferred to Locke’s solution the movements are regained in a short time Con- 
centrations as high as 1 m 10 even do not completely kill the segments of the worm 
after about seven minutes contact 

Action on blood 

Being a soap, Alepol exerts a very marked haemolytic action on the red blood 
corpuscles If in a senes of test-tubes containing different concentrations of Alepol 
varying between 10 per cent and 0 01 per cent, a few washed red blood corpuscles 
are added, the remarkable heemolyhe action of the solution is immediately seen 
With the higher concentrations the red blood corpuscles disappear immediately 
giving a darkish tint to the solution Similarly the disintegration of the red blood 
cell can be well seen under the microscope if different strengths of Alepol are brought 
m contact with them under the field Control experiments with solutions of 
ordinary soaps show that soaps of chaulmoogra oil do not possess any greater 
haemolytic action The degree of haemolysis produced by Alepol and other soaps 
of chaulmoogra is about the same as that produced by ordinary washing soaps 
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This hmmolytic action of Alepol can however be considerably lessened if 
the solution of the soap is made m Locke’s solution instead of distilled water 


Graph 

Shows the hwmolylic curves of Alcpol dissolved m ivalci, Lode’s solution, 

and m the presence of senim 



Alepol m Locke’s plus serum + -f- 4. 

% Alepol in Locke’s solution o 0 o o 

Alepol m distilled water X X X -x 

Horizontal line indicates the strength of solution 

Vertical line gives time m minutes required to produce h-emolysis 

Serum is now well known to be an agent which markedly affects the haemolytic 
action of a number of substances It also reduces the hemolytic effect 0 f 
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Alcpol The action of serum m reducing the haemolytic effect of Alepol is 
illustrated m the following experiments Two sets of tubes containing equal 
quantities of various strengths of Alepol aic arranged on a rack To one of the 
sets a few drops of serum are added Equal amount of washed red blood 
corpuscles arc then added to all the tubes and the time required completely to 
haimolysc the red blood corpuscles noted It is found that the set containing 
serum shows a much retarded luemol^tic action compared with the one containing 
no serum This property of .serum can be considerably enhanced if instead of 
the oidinary solution of Alcpol, one prepared in Locke’s solution is used Both 
Locke’s solution ns well as serum retard the hremoh tic effect The combination 
of the two, however, is very much superior The above Graph show’s the 
compai ative haemolytic action of Alcpol dissolved m distilled water, dissolved m 
Locke’s solution and dissolved m Locke’s solution together with a Small quantity 
of sol'll m 

It will be seen from the Graph given above that Alepol dissolved in distilled 
water has much more luemol) 1 tc action than Alepol dissolved m Locke’s A 
combination of Locke’s and scium is remarkably efficacious m diminishing the 
haemolytic action of the soap 

Local action 

Applied locally to the skin Alepol behaves like ordinary soap , it has no irritant 
action whatever even when applied m strong concentrations On mucous mem- 
branes, like the conjunctiva, however, it produces a marked irritant effect A 
3 pei cent solution m distilled w atcr instilled into the eye of a rabbit, causes a marked 
local reaction resulting m intense hypeuemm and irritation The animal tries to 
brush off the solution from its eyes A 1 per cent solution also causes a local 
reaction and the eye becomes congested m about ten minutes 

Hypodermic injections in cats and rabbits show inflammatory changes within 
twenty -four hours if 3 per cent strengths are used The effects, how ever, pass off 
after a short time Intramuscular injections are better borne than hypodermic 
injections With 5 per cent strengths given hypodermically, a fairly marked local 
reaction is produced and strengths higher than this pioduce more severe results 
A 10 per cent solution leads to necrosis The intensity of local reaction can, 
however, be diminished by dissolving Alepol m Locke’s solution instead of distilled 
water A 5 per cent solution m Locke’s given hypodermically produces less local 
reaction than one in distilled water The seventy of the inflammation can still be 
lowered if a few drops of serum are added to Alepol dissolved m Locke’s solution 

Intravenous injections of 1 pei cent solutions prepared m distilled water 
produce obliteration of the vein after one or two injections, m rabbits There is no 
such immediate obliteration if a solution piepared m Locke’s is used Addition of 
serum will still reduce the local reaction on the vessel endothelium and a large 
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number of injections can lie given m the same vein Tins property of serum m 
reducing tbe seventv of local reaction is made use of in Muir’s (] 927) technique of 
withdrawing blood m the sviinge, mixing and then injecting the mixture m the 
vem In our clinical work it has been found that a solution of Alepol m Locke’s 
given by Mini’s technique peimits a numbei of injections to be given in the same 
vem and the problem of obliteiativc eiularteiitis becomes far less important 
Solution of Alepol in Locke’s when given by injections mtiavenously without 
following Mini’s technique does not obliterate the veins so readily and a number 
of injections can be given in the same vem 

Action on tiie circulatory system 

Intravenous injections of Alepol produce a fall of blood-pressure which is not 
very marked and which lasts only for a shoit time (Plate XLII, figs A, B and C) 
The fall is probably due to the direct action of the drug on the mvocardium producing 
a depression and consequent lessened output of the heart This action of Alepol 
can be demonstrated m situ as well as in perfusion experiments with mammalian 
and amphibian hearts Plate XLI, fig A, shows the effect of a large dose of Alepol 
(30 mg per kilo), given intravenously in a cat, on the contractions of the heart 
Both the auricle and the ventricle are depressed but the effect, produced on the 
auricle is more marked than that on the ventricle With smaller doses like 15 mg 
per kilo the depression is much less marked and lasts for a very short time only 
(Plate XLI, fig B) With still smaller doses like 5 mg per kilo no depressant 
action on the heart is seen 

Perfusion experiments with mammalian and amphibian hearts slidw a depression 
after sufficiently strong concentrations of Alepol Plate XLI, fig D, shows the 
effect of Alepol on a perfused kitten’s heart when added to the perfusate so as to 
give a concentration of 1 m 10,000 There is at first a transitory depression followed 
by recovery and this is followed by a uniform prolonged depression A certain 
amount of irregularity is also present With lower strengths the depression is still 
present but the irregularity is not evident The degree of depression varies directly 
with the strength of the solution and with concentrations of Alepol less than 1 m 
50,000 the depressant action is not at all marked Amphibian hearts show about 
the same action as the mammahan hearts In amphibian hearts, however the 
initial depression is as a rule followed by a stimulation of the heart and this is later 
on followed by a depression which is directly proportional to the dose of Alepol 
given The higher the concentration of the drug the greater is the depression of 
the heart produced 

The volumes of intra-abdominal organs do not show any marked variation 
after injections of Alepol Sometimes an increase m the volume of the intestines 
seen (Plate XLII, fig C), while the spleen may show a slight diminution together 
with an increase m the automatic contractions of the organ (Plate XLII fig A) 
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Action on the respiratory system 

Small doses of Alepol given intravenously m rabbits without any ancestliesia 
produce a well marked stimulation of respiration The same effect is observed 
when a similar dose is given to an animal under ancestliesia Plate XLII, fig B, 
shows the stimulant action on respiration on a cat under urethane amesthesia The 
action perhaps might be due to the alkalinity of the solution only 

The bronchioles arc dilated with smaller concentrations and constricted with 
larger ones If the lungs of a cat arc perfused with warm oxygenated Locke’s 
solution through the pulmonary artery and the resistance to fixed quantities of air 
of artificial respiration recoided by a tambom, the effect of Alepol on the bronchioles 
can be well seen Plate XLI, fig C, shows the effect of strong concentration of 
Alepol on the bronchioles of a cat A concentration of 1 m 1,000 of Alepol was 
perfused through the lungs It will be seen that this concentration produces a 
constriction of the bronchioles After an intravenous injection of Alepol the changes 
m the calibre of the bronchiole will depend upon the dose given A smaller dose 
will cause a dilation and a bigger will lead to constriction of the bronchioles 

Action on the genitourinary system 
Secietion of urine is not affected to any appreciable extent by administration 
of Alepol If the flow' of urine is mensuied m an anoesthetired animal before and 
after the administration of Alepol it is found that the rate of secretion remains to a 
very large extent unchanged Doses varying between 5 to 20 mg per kilo do not 
affect the secretion With larger doses a decrease in the rate of the secretion is seen 
This is most probably dependent on changes m the blood pressure only for the 
effect passes off as soon as the blood-pressure resumes its normal level 

Movements of the uterus in situ aie not affected by even large doses of Alepol 
Plate XLII, fig B, shows the effect of an intravenous injection of Alepol m a non- 
pregnant cat It wall be seen that the tone of the muscle remains unchanged In 
perfusion experiments concentrations varying between 1 m 150,000 and 1 m 50,000 
show a tonic contraction of the uterus while stronger concentrations like 1 m 10,000 
produce a relaxation (Plate XLIII, figs C and D) 

Action on the gastpo-intestinal system 
Alepol has got a peculiar soapy taste when applied to the tongue It causes a 
slight salivation and frothing when a small quantity is introduced into the mouth 
When 10 c c of a 5 per cent solution are introduced into the stomach of a dog by a 
stomach tube, the irritant action of the drug on the mucous membranes of the 
stomach leads to emesis within about 20 minutes The emesis is due to local action 
and is not central is shovm by the fact that much larger doses are tolerated by hypo- 
dermic injections without producing any symptoms of vomiting 



B B Dihfot 


785 


The effect of Alcpol on flic movements of flic stomncli of an unanscstheti/cd 
animal when given m subemetic doses is shown in Plate XLIII, fig L A small 
balloon was mtiodnced into the stomach of a cat through a gastric fistula and the 
recoids of the movements of the stomach were taken by connecting the balloon to a 
tambour The animal was opeiatcd upon about eight weeks before The drug was 
introduced into the stomach by a fine cathetei mtiodnced through the gastric 
opening It will be seen fiom the figure that Alepol causes an increase in the tone 
of the muscle and the automatic movements me abolished The tonic contraction 
is maintained foi more than one hour and aftei this period the automatic movements 
gradually return to normal Repeated oral administration of small quantities of 
Alepol leads to a chronic gastntis accompanied with anorexia and loss of weight 
Movements of the intestines aie not affected to any appreciable extent by 
intravenous doses of Alepol van mg from 10 to 20 mg per kilo of bodv-weight In 
an anaesthetized animal the tone and the amplitude of contractions remains about 
the same after intravenous administration of the drug (Plate XLII, fig A) The 
effect of Alepol on the movements of the intestines of an animal without anaesthesia 
were studied m dogs with Thiry’s fistula An animal operated about one week 
before was used for the purpose The wound had healed by this time and beyond 
the inflamed condition of the skin due to the irritant action of the intestinal juice 
the animal was m a perfectly healthy condition It will be seen from Plate XLIII, 
figs A and B, that aftei a dose of 100 mg per kilo the amplitude of con- 
tractions of the intestinal muscle is lessened to a certain extent This action is due 
to the direct depressant action of the diug on the unstriped muscles of the hovels 
Perfusion experiments with rabbit’s and cat’s intestines show an increase m the 
tone of the muscle with high dilutions like 1 m 150,000 but with highei concentra- 
tions like 1 in 10,000 a diminution of the tone with lessening of the amplitude of 
contractions is seen (Plate XLII, fig D) The action appears to be a dnect one 
on the muscle The intestinal muscle behaves m the same v r ay as the uterine 
muscle 

Discussion 


It will be seen from the experimental data given above that Alepol is a diug of 
comparatively low toxicity and that it has only a feeble action on most of Die 
important systems of the body except the blood It exerts a marked haemolytic 
action on the red blood corpuscle but this effect can be considerably reduced by 
preparing the solutions in Locke’s solution instead of distilled Water and addnm a 
small quantity of serum It is now well known that salts of the fatty .acids of the 
hydnocarpus oil have a specific toxic action on the acid-fast bacteria and Alepol too 
is very highly toxic to the acid-fast bacteria The successful treatment of leprosy 
consists m saturating the system With the remedy without producing an^ untoward' 
effect One of the greatest drawbacks, in doing so is the action of the, drug on the 
red blood corpuscles It is possible to increase considerably the dose of the dru 

6 
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if, as has been described before, a combination of serum with Locke’s solution 
is used for giving the injections When adnnnisteiing the drug by intramuscular 
injections the irritant nature of the fatty acid salts again is a drawback This 
too can be lessened by preparing the solution m Locke’s solution Alepol is less 
irritant and consequently less painful than other soaps of the fatty acids of the 
hydnocarpus oil and if the solutions are made in the way described the incidence 
of pain will be considerablv smaller When administering the drug by the 
intiavenous method, the injections must be given as slo\vl) as possible It is 
found in animal experiments that symptoms like iespirator\ distress can be 
altogethei axoided if the lale of injection is vei) slow One c c per minute is a 
verj slow r late indeed but it is advantageous to inject the solution at this rate 


SUMMARY AND CONCLUSIONS 


[i) Alepol is a soap prepared from the lover melting point fatty acids of the 
hydnocarpus oil It has a fairly low toxicity when compared with other soaps of 
hydnocarpus oil It inhibits the growth of tubercle bacilli m a concentration of 
1 m 200,000 and exerts some toxic action on certain helminths like the tape 
worms and the microfilaria; 

(«) It has a marked luemolvtic action but this effect can be lessened by 
dissolving the dmg in Locke’s solution and adding a small quantit) of serum 

(m) Locally it produces a marked irritation when applied m 5 per cent 
strengths Higher concentrations produce a more severe reaction This action 
can be reduced by using Locke’s solution instead of water 

(• iv ) Large doses depress the cardio-vnscular system Doses smaller than 
10 mg per kilo do not affect this system to a maikcd extent 

( v ) Respiration is stimulated with large doses of Alepol Bronchioles are 
constricted with large doses and dilated with smaller ones 

( vi ) Uterine movements are lessened with diminution of tone when the uterus 
is perfused with strengths higher than 1 m 10,000 With low r er concentrations the 
tone is increased 

(mi) Oral administration leads to gastro-mtestinnl irritation Movements of 
the gastro-mtestmal tract are not much affected by intravenous administration of 
the drug 
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Part I. 

A CULTURAL AND SEROLOGICAL STUDY OF CERTAIN STRAINS 

OF TJIE PROTEUS GROUP 

Introduc rioN 

Organisms of flic genus Pi oleui have been isolated from \anous sources 
Hauser (1885) isolated them fiom putrefying meat Cantu (1911) isolated the 
Pioleus fiom garden soil Ford (1901) isolated these organisms from various parts 
oi the gastio-mtestmal tiacts of human eadnters Waul (1899) secured sciernl 
strains fiom the Thames Rivei, and Joidan (1903) from tlie waters of the upper 
Mississippi Horowitz (191 G) successfully isolated them fiom snow-water Wenner 
and Rettger (1919) obtained them fiom stagnant pools aquaua and street washings, 
and also from the partly' decomposed bodies of rabbits and giunea-pigs 

Considerable confusion has existed until iccentR as to the pathogenic proper- 
ties of this group of oigamsms and the pait played bv them in human pathology 
A common misconception has been that they are non-pa thogeiuc It is tine that 
they do not probably give use to any specific disease, but they aie frequently 
associated with and appeal to be icsponsiblc foi a number of inflammatory and 
suppurative conditions in tlie human being, especially' in connection with infections 
of the urinary tiact, acute gastio-cntentis of children, meat poisoning and Weil’s 
disease or infectious jaundice It was not, howeicr, until tlie isolation of certain 
strains designated X2 and X19 fiom the mine and blood of some cases of typhus 
fever by Weil and Felix (1916, 1917) and the discoveiy of the Weil-Feli\ reaction 
that the subject attracted any considerable attention Some of the eailier 
references to Pioteus may be mentioned lieie — 

Krogius (1890) demonstrated its pathogenic power for experimental animals 
by subcutaneous and mtraperitoneal inoculation Rovsmg (1897) regards Pioleus 
as a veiy disagreeable microbe in the uinuiy tract, chiefly on account of its power 
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of decomposing uica, and hbciatmg ammonia witli resulting irritation of the 
mucous membrane of the bladdei and consequent desquamation of the vesical 
epithelium Mngath (1928) and Taylor (1928) have found it associated with 
cystitis and have isolated it fiom the urine of infected patients Wesenbcrg 
(1898), Silbeischmidt (1899), Pfulil (1900), Schumbuig (1902), and Pergola (1910) 
have mentioned the Pioteus oiganisms in connection with outbreaks of meat 
poisoning caused by consumption of infected sausages Glucksmann (1899) 
has described the association of acute gastro-ententis with the consumption 
of pork infected with Pioteus Baertlilein (1922) desenbed an outbreak of meat 
poisoning on the Western Front m France in 1918 following the consumption 
of sausages 

Booker (1889) has charged Pioteus with the pioduction of summer diarrhoea 
m children Metclimkoff (1914) found the Pioteus bacilli constantly m the stools 
of children suffering fiom summei dianhoea Bertrand (1914) examined 55 cases 
of infantile diairlioea and found Pioteus organisms m all of them Tsikhnsky (1917) 
and Bang (1918) demonstrated the piesence of the Pioteus in cases of infantile 
diairhoea 


Flexner (1893) isolated a Proteus organism from a case of pentomtis According 
to Topley (1929) these organisms aie apparently present as secondaiy invaders in 
gun-shot wounds, where they favour the development of pathogenic anaerobes 
He also mentions them as associated with a vanety of conditions, such as volvulus, 
pentomtis croupous pneumonia, empyema, gangrene of the lung and septicaemia 
Dudgeon, Gardner and Bawtiee (1915), Goadby (1916), Distaso (1916), Stewait 
(1917), Douglas, Fleming and Colebrook (1920) and Weinberg and Otelesco (1921) 
found Proteus strains m gun-shot wounds 


Jensen (1913) considered these organisms responsible for one fortn of calf 
dysentery Wyss (1898) found them m an epidemic disease of fish in Lake Zurich 
Kellert (1922) found Proteus bacilli m a case of abscess of the brain both dunng 
life and at autopsy, and Bischoff and Brekenfeld (1925) reported their presence m a 
case of meningitis m an infant 


The position of Pioteus bacilli with regard to putrefaction has been studied by 
Tissier (1912), who used their proteolytic power as an indicator of their putrefactive 
properties He found them less active towards albumin than some of the anaerobic 
bacteria tested at the same time Rettger and Newell (1912-13) do not regard 
Pioteus bacilli as putrefactive organisms According to these authors putrefaction 
is a c particular process of protein decomposition which is brought about through 
the agency of bacteria with the evolution of foul-smelling products which are charac- 
teristic of ordinary cadaveric decomposition 5 Of the products of decomposition 
they regard mercaptan and the oxy-acids of particular significance , mdol skatol 
and hydrogen sulphide are less characteristic Rettger and Newell regarded 
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putiefaction as an anaeiolnc pioccss w Incli depends on the glow tlx of obligatory- 
anaerobes They say that Pioleus bacilli under anaerobic conditions do not digest 
proteins, and theiefore can not be regarded as capable of causing true putrefaction 
They are, howevei, according to Topley (1929), frequently associated -with 
anaerobes m putrefying oiganic matenal and by usmg up oxygen render the 
conditions favouiable foi the development of these oigamsms 

Jaegei (1892) ascribed an mtiological iole m Weil’s disease to an organism 
classified by lnm as Bacillus pioleus jluorescens and which resembled Proleus 
vulgaris except m the mattei of greenish pigment This organism was isolated 
from the urine, blood and oigansof patients dead of the disease Although not 
now generally regarded as the causal agent, agglutination of Proteus jluorcsccns 
and Pioleus vuhjans by the sera of patients having Weils disease has been 
repoited by sevcial authois, namely', Ludke (1904), Brumng (1904) and Abeles 
(190G-07) 

Lastly the organisms of this gioup have been mentioned in connection with 
typhus fever The relationship of Proleus bacilli to the virus of typhus fever was 
brought into prominence by the investigations of Weil and Felix (191G, 1917) 
These authois demonstrated that of the \aiious organisms isolated from typhus 
fever patients one strain was capable of giving a specific agglutination reaction 
with sera of patients with typhus fcvci It was not auglutmablc with normal 
human sera or sera of persons suffeitng fiom othci diseases Many members of 
this stiam weie isolated, of w Inch the most lmpoi tnnt w cue X 1 9 and X2 The exact 
relationship between the typhus vnusand these stiams has not been established, 
although it is not linpiobablc that theio is a ncai antigenic i elation between these 
organisms and the typhus vans 

The above-mentioned facts indicate that the bacteuology of the Proteus 
gioup of oigamsms is in a somcwdiat chaotic condition, and thercfoie further 
study of the subject is desirable 


Sounds or mi. cul'iuuls 

The designation and souice of each of the cultures studied is shown ill Table I 
Altogether 3G strains weic examined 

Before detailed examination each stiam was plated out on nutrient agar 
Streak plates were made and incubated foi 18 horns at 37°C The isolation w r as 
earned out by inoculation with a straight needle fiom the outei border of the 
swarming edge of a colony, m the case of swaiming strains, and fiom a single 
well isolated colony m the case of non-swaimmg strains into plain broth The 
bioth cultiues after 24 hours’ incubation were used foi gelatine stabs and other 
tests 
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Serial 

numbor 

Designation 

1 I 

X2 0 

2 

X19 0 

3 

X10 H 

4 

X19 (N Y ) 

5 

X19 (Feiror) 

6 

U2 

7 

Kingsbury 0 

8 

Kingsbury H 

9 

526 

10 

Proteus I 

11 

Proteus II 

12 

Proteus III 

13 

Proteus V 

14 

Proteus mrabihs 

15 

Proteus 6A 

16 

Proteus 7 52 A 

17 

Proteus 78071A 

18 

Proteus 754A 


Table I. 

List of shams studied 


Source 


Dr K F Mnxcv, Virginia Uni 
versit 3 % Virginia 

Do 

Do 

U S Quarantine Station New 
York 

Dr William A Feirer 
Dr K F Maxcy 

Do 

Do 

Do 

Dr L B Lange, Johns Hopkins 
School of Hygiene 

Do 

Do 

Do 

Do 

Dr W W Ford, Johns Hop 
Luis School of Hygiene 

Do 

Do 

Do 


Remarks 


Originally obtained from Dr 
A Felix 

Do 

Do 

The strain carried bv the Now 
York Stato Health Depart- 
ment 


B aggluttnabihs Isolated m 
1009 by W J Wilson from 
the f-eces of a tiphoid fever 
patient 

Originally obtained from the 
Director, Institute of Mcdi 
cnJ Reseaieh, Kuala Lumpur, 
Federated Malay States 

Do 

No 221 of the American Typo 
Collection 

Originally obtained fioin Dr 
Kraus, Vienna 

/ 

Obtained from the Bacterio 
logical Laboratory, Johns 
Hopkins Medical School 

Isolated m 1910 fiom an in- 
fant’s stools 

Originally obtained from Dr 
Leo F Rettger Sheffield 
Bacteriological Laboratory, 
Yale University 

Do 

Isolated from war wounds on 
the Western Front in France 
during the World War 

Do 

Do 

Do 
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Table I — concld 


Serial 

number 

Designation 

Source 

Rl ,iarks 

19 

Proteus 91iGf)A 

Dr W W Ford, Johns Nop 
lutis School of Hjgicne 

Isolated from Mar Mounds on 
the Western hiont in 1 ranee 
during the W r orld War 

20 

Proteus fi92A 

Do 

Do 

21 

Prolcus B7A2 

Do 

Do 

22 j 

1 

Proteus 12 ISC 

Do 

Isolated from the intestinal 
tract of a calf 

21 

Proteus 111 

Do 

| Do 

21 

t 

Protons 111 A 

Do 

1 Do 

2 ’ | 

Proteus 12 IS \Y 

Do 

1 Do 

20 | 

Proteus R I 

Dr C P Idiot 

j Isolated from the intestinal 

1 tract of a r it 

27 

i 

Strain A 

Dr 0 \ Perrv State Ibalth 
Department, Mnrvlmd 

j OrigumlK obtained from the 
Huneiiic Lulionton, Wash 
ington, D XI!) No r >GS 

2S 1 

Strain 15 

Do 

! 

Ilcgicnio Enborotorc , Strain 

H Ml 

29 

Strain C 

1 

1 

Do j 

Parke Dims A Co, Strain \19, 
No 021(.-» 

*50 

j Strain D 

1 

Do 

Obtained from Dr H Pinker 
ton. Department of Pntho 
log\, llnnnrd Umvcrsite 

75rought from Mevico h\ 

Dr Cabtanndo Behcecd to 
bnie come origiiiallj from 
Europe Proteus luhjnris 

11 

Stiain 1C 

Do 


32 

Strain F 

i 

Do 

Strain X2 (r C ), Tasteur 
Institute, Paris 

33 

Strain G 

Do 

Strain X19 (S\rie), rnslcur 
Institute, Paris 

11 

Stiain II 

Do 

Strain XI 9 (loh Motz), Pasteur 
Institute, Paris 

35 

Strain I 

Do 

Strain 0 XI 9, Pasteur Institute, 
Paris 

H> 

Strain 7 

Do 

Stiain X19 (F C) Pasteur 
Institute, Paris 
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Morphological characters of the Pwleus group 
Gioivlh on sohd media 

Tins group of organisms was fiist fully dcsciibed by Hauser m 1885 lie 

isolated them from putrefying meat and cicated the genus Prolcus He named 
it Proteus in allusion to the ever-changing appearance of the ‘ old man of the sea 
as described in the Homeric poems, thus stressing the highly pleomorphic character 
of this group of organisms Hausei subdivided the genus into three species, which 
he named Pwleus vulgans, Pwteus nmabihs and Proteus zenlen Proteus vulgans 
liquefied gelatine rapidly, Pwteus nmabihs moie slowly, whilst Pwleus zenlen did 
not liquefy gelatine at all Later, however, Hauser (1892) modified Ins statement 
and regarded the two last mentioned forms as variations of the same species, namely 
Proteus vulgans According to him the members of this gioup weie characterized 
by being highly motile lods, capable of liquefying gelatine either immediately or 
after several transfers, and capable of spreading on gelatine 

The phenomenon of swarming oi spreading was further described by Cantu 
m 1911 He found that if an organism of the Pwteus group was inoculated into the 
water of condensation of an agar slope, the growth which took place rapidly invaded 
the whole suiface of the slope, producing a unifoim laver sometimes hardly distin- 
guishable from the medium Clioukevitch (1911) also made use of this property 
for the isolation of organisms of the Pwleus group fiom a mixture The process 
has been more f ullj r described recently by Moltke (1927) He states that this is the 
only cutenon besides gelatine liquefaction on which the diagnosis of Pwleus 
according to Hauser’s description can be based Moltke regards swarming as a 
‘ progressive surface spreading by the microbes from the edge of the colony, without 
the colony taking any apparent part m the process There is — particularly m young 
cultures — a sharp line between the colony and the swarming part In this feature 
Pwteus bacilli differ distinctly from the other spreading bacteria (Bacillus sitbhlis, 
Bacillus zopfii, Bacillus pyocyaneus), m which the surface spreading is done by the 
colony itself By its swarming Bacillus pwteus covers, at a suipnsmg speed, the 
substrate with a greyish moist film — another contrast to the bacteria mentioned 
above, whose surface membrane is dry and wrinkled ’ 

Weil and Felix (1917) during their morphological investigations of the Pwleus 
organisms have described two kinds of colonies, the swarming and the noil-swarming 
In an Xl9 strain they found both kinds of colonies — ‘ H , i e , nnt Hauch or 
swarming type, and the ‘ 0 ’, l e , ohne Hauch or non-swarmmg type They have 
demonstrated serological differences between the two types 

In this investigation all the strains were studied for their behaviour with 
regard to swarming This was earned out by touching the centre of an agar plate 
vuth a needle dipped into a 24-hour broth culture of the organism The plate -was 
incubated at 37°0 , and examined 6 to 8 hours later and again after 24 hours It 
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was noticed that at first one or two colonies developed winch later spread over the 
whole surface of the plate as a thin ground glass-like pellicle hardly distinguishable 
m some cases from the medium itself In Plate XL1V, fig 1, a swarming colony 
on agar has been shown This phenomenon was also studied on 12 per cent gelatine 
plates, on which the piocess was found to be still more rapid The gelatine, 
however, became rapidly liquefied and, therefore, it could not be followed up so well 
on this medium as on agar Undei low f powers of the microscope the colomes on 
this medium appealed moie oi less thick and opaque m the centre with peculiar 
fungus-like prolongations proti tiding from the margins 

In addition, each strain was inoculated into the water of condensation of an 
agar slope by means of a needle dipped into a broth culture of the organism 
Twenty-four hours latei m the case of a swarming stiam it was found to have 
climbed to the top of the slope, and at the same time to have spread over the entire 
surface As described by Ta}loi (1028) the film, whether formed by spreading 
or climbing, had a shiny greasy appearance and usually showed small \ariationsin 
thickness in the form of ripples These weie visible even when the growth of the 
organism was so thm and tianslucent as to be almost invisible (Plate XLIV, fig 2) 
With the increase of age the glow tit on agai usually assumed a grejish white but) - 
rous appearance 

During the process of swaiming it was an almost invariable rule, in the majority 
of cases, to find the long filamentous foims, wheicas after 48 hours or so when the 
swaiming had moie oi less leached its limit in most cases, the long forms were 
replaced by shoil rods or even coccoid foims 

All the stinms examined weie found to be swannors oi spieaders with the 
exception of X2 0, XI 9 0, Kingsbui) 0 and Stiam D These stiains gai e rise to 
small laised colonics — the ‘ 0 ’ colonies of Weil and Felix — resembling those of 
Bacillus coh It may be mentioned licie that earl) m the investigation the strain 
X19 0 was found to have suddenly levcited to the 4 H ’ foim, l e to hnx e developed 
swaiming tendencies Attempts to isolate the ‘ 0 ’ form b> a process of repeated 
plating pioved unsuccessful Foitunatcl), a tiansfei fiom the onginal culture 
was still available and was found to have retained its ‘ 0 ’ foim 

Strain U2 also did not swaun, but this oigamsm, wdiich was ouginall) isolated 
by Wilson of Belfast (1909), is not a mcmbei of the Pioleus gioup It is non-motile, 
produces acid and gas m lactose and was described by Wilson as 4 a variant of the 
Bacillus coh ’ It has been included m this study because it is stated by Wilson 
to be agglutinable with typhus sera 

Strain I, although stated to be an XI 9 0 stiam, was found to possess swarming 
properties 

Growth in liquid media 

All tbe strains were inoculated into nutrient broth and peptone w r ater and 
incubated at 37°0 In these media uniform tiubidity w r as visible m 24 horns with 
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the pi cscnce of long, filamentous and sometimes vibno-likc foi ms After 48 hours a 
greyish white deposit tended to appeal at the bottom of the tube, and the majority 
of the organisms changed into the slioit rod foirn In some cases, all the forms, 
filamentous, long, medium, slioit and even coccoid were found in the same medium 
at the same time Oldci cultuics usually developed a tlnn fragile pellicle 

Staining piopcihcs of the Proteus gioup 

Various authois, specially the eailier ones, have expressed different opinions 
as to the leactions of Pioteus bacilli to Giam staining Some have considered it as 
Gram negative, others as Gram positive This confusion has arisen chiefly because 
the Bacillus zojfn, which is Giam positive, has been regarded as a member of the 
Proteus group 

Krogius (1890) and SchmUlcr (1890) found all their strains Giam negative 
Meyerhof (1898), Wesenberg (1898) and Silbcrschmidt (1899) also repoit the same 
Klieneberger (1908) studied 24 strains, of which 18 were Gram negative Cantu 
(1911) examined 180 strains and found them all Gram negative Neumann (1912) 
says that Proteus vitlgai is is sometimes Gram positive and sometimes Gram negative 
Heim (1913) regards Piolcus vulgaris as usually Gram negative as compared with 
Bacillus zopfn which is always Giam positive Berdimkov (1914) examined 0 
strains, 2 of which he legaided as members of the Proteus group These were 
Gram negative, whilst the othei 4, which he consnleied as Bacillus zopfn weie Gram 
positive Berthelot (1914) studied a large mimbei of strains, all of which were Gram 
negative Hoiowitz (1910) examined 24 strains which gave vanable reactions, 
but the majority of them weie Gram negative Weil and Felix (1916) considered 
their X strains as all Gram negative Bengtson (1919) studied 33 strains of Proteus 
vulgans and found all of them Gram negative Wcnner and Rettger (1919) report 
all their 73 strains as Giam negative Douglas, Fleming and Colebrook (1920), who 
isolated 40 strains from infected wounds, found them all Gram negative Moltke 
(1927) after an exhaustive study of 194 strains of Pioleus found them all Gram 
negative Taylor (1928) studied 53 strains, all of which he regarded as Gram 
negative 

Ford (1927) and Topley (1929) considei Proteus vulgans to be Giam negative 
In ‘ A System of Bacteriology m Relation to Medicine’, Vol IV, issued by the 
Medical Reseaicli Council, Wilson (1929) states that the Pioteus vulgans ‘ stains 
readily with the ordinary basic coal tar dyes and is Giam negative ’ 

The confusion regarding the staining properties of Pioteus has arisen because 
Kurth (1883) obtained an organism from the intestinal tract of fowls which lie 
designated as Bacillus zopfii, and Hauser (1885) described an organism uhich he 
named Pioteus zenlen, which m later comparative studies have been shown to 
be identical by Wenner and Rettger (1919) and Ford (1927) These organisms 
were Gram positive, did not liquefy gelatine, failed to produce mdol and did not 
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attack carbohydrates Consequently Bcigev (]92G) created a new genus— 
Kui Una — m winch these two species weie designated as Km Una zopfa and 
Iimllna zevlen, although it is difficult to see why the sepaiation is maintained m 
view of the identity of the organisms 

In the present study all the strains were found to decolorize with Gram’s 
method They' also stained evenly with 5 per cent methylene blue and lin 10 
carbol fuchsme No lnegular or metn-chiomatic staining v r as observed 

Micioscojnc appcatancc and motility 

Microscopic examination of stained preparation® showed all the strains to be 
similar m morphology They were non-sporcbeanng bacilli with rounded ends 
The variability m length was dependent on the conditions of growth and the age of 
the culture The usual si/c was 1 to 3/f bv 0 3 — 0 5/r In some cultures, however, 
forms 6 to 8 /< in length oi even much longer — 20 to 30/( — were found 

Hauser (1885) described Ptotcw> as a motile organism Since then various 
authors have laid emphasis on this eharactci of the group, the 1 0 ’ forms of Weil 
and Felix being the only exceptions 

In this study each sham was examined for motility by grow mg it in plain broth 
for 24 hours All the Piotcus stiains weie thus found to be nctnoly motile with the 
exception of X2 0, X19 0, Kingsbury 0 and Sham D which were non-motile 
It was obscived that gencially there was a direct, relationship between motility 
and the swaimmg capacity of a stiaui All actively' motile strains were also 
vigorous sw'aimeis, while the non-motilc strains were found to be devoid of this 
property The insults of ccitam comparatn e culture studies and observations on 
motility arc shown m Table II — 
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+ 
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4- 


+ 

4 

+ 

1 

4 


Cultural characters of the Proteus group 
Fermentation reactions 

Theobald Smith first studied the fermentation reactions of Pioteus m 1893 
He found that it fermented glucose and saccharose with the formation of acid and 
gas, but not lactose He (1894) emphasized the importance of this reaction in the 
diagnosis of Proteus, i e , the fermentation of glucose and saccharose and the absence 
of fermentation of lactose as being characteristic 

Jordan (1903) stated that Proteus always ferments dextrose and saccharose 
but never lactose 

Berthelot (1914) studied a number of Pioteus strains He found that manmte 
and lactose were never fermented, while maltose was rapidly fermented by some 
strains and not at all by others " 1 
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Besson, Ranque and Sene/ (1918) studied the fermentation reactions of one 
P ' otm ' or K nnisrn Tins was found to ferment glycerine, glucose and levulose, 
but not mnnnitc, dulcite saccharose and lactose 

-Totten (1919) found that the X strains fermented maltose and saccharose 
Bcngtson (1919) studied the fermentation reactions of a number of strains She 
found that all hoi strains fermented levulose, galactose, xylose, glycerine, dextrose 
and saccharose, mid some were shown to have produced acid m manmte Some 
fomented maltose also All maltose and snccliaiose fermenting strains formed 
liulol as well 

Wonncr and Bottger (1919) studied the reactions of 73 strains on a number of 
eaiboh} dtates All strains fermented gljeenne, dextrose, galactose, levulose and 
snef hniosp Twenty-five strains fermented maltose Lactose, manmte and 
dextnn weie not fermented by any They regarded the fermentation of maltose 
as a basis on which sub-grouping might he attempted Foi the species fermenting 
this embohydrnte they suggested the name of Proton 9 vuhjans, and for the species 
failing to attach it the name Proteus imrobihs 

Dougins Fleming and Colclnook (1920) emphasized the difficulties connected 
with the fei mentation tests of Piotcus bacilh, since these microbes destroy most 
of the indicators Tlie> me, however, inclined to the new that members of the 
Proteus group do not ferment lactose and manmte 

Moltke (1927) examined 171 strains on a large number of sugars and polyhcdric 
alcohols Amongst important piopcrties lie mentioned their power to produce 
acid and gas m dextiose, galactose, saccharose, xjlose, tiehnlose and glycerine, 
then failure to ferment lactose, mannose, dextrin, manmte or any of the polyhedric 
alcohols Of the 171 strains tested 37 fermented maltose and the rest did not 
The maltose positive strains weie found invariably to produce mdol, whereas the 
maltose negative strains failed to do so 

Tajloi (1928) studied 53 stimns dcuved fiom various souices Of these only 
3 fermented maltose None fermented lactose, manmte or dulcite All fermented 
dextrose and sncchmose 

Toplcy (1929) consideis that the classification of the Piotcus group can be 
best made on the basis of maltose fermentation 

In this investigation the culture medium employed consisted of nutrient broth 
containing 1 per cent of the paiticular eaibohydiate required The medium was 
tubed in Durham’s fermentation tubes and then exposed to streaming steam m the 
Arnold steam sterilizer for 15 minutes on tluee consecutive da} s 
Altogether 3G strains w eie studied on the following — 

Lactose, dextiose, saccharose, maltose, levulose, galactose, arabmose, xylose, 
glycerine, manmte, dulcite, sorbite, sahem, dextnn, starch lniilm and litmus milk 
The media w'crc inoculated fiom bioth cultures of the organisms, and kept at. a 
temperature of 37°C for a pctiod of tluee weeks The results were noted every 
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24 liouis Andiade’s mdicatoi was employed thioughout The results of the 
fermentation reactions arc shown in Table III ‘ A ’ indicates acid and G gas 
formation , ‘ + ’ undci A or G means acid 01 gas formation , ‘ — ’ stands for 
negative , ‘ R ’ stands for reduction and , ‘ D ’ foi digestion of litmus milk 
° It nail be noted that all sti ams ferment dextrose and glycerine None ferments 
lactose, except U2, which as already stated is not a member of the Piotcm group 

All strains also ferment sacchaiose The Kingston y strains are stated by 
Fletcher and Lesslex (1925, 1920) not to fciment saccharose or maltose In my 
hands, however, both the sti ams— Kingston y 0 and Kingston > H— have repeatedly 
feimented saccharose m 48 houis but not maltose 

None of the strains with the exception of U2— a member of the Baalim coh 
group— feiments mannitc, although Bcngtson (1919) considers that Proteus vulqai ? <? 
frequently does ferment mannitc Aftci a survey of the question she concludes 
‘ It seems probable that f fecal stiains often fciment maltose, saccharose and mannitc 
when freshly isolated, and later lose the pov> ei to a greater or less extent and 
sometimes completely ’ 

As regards maltose 25 strains ferment this carbohydrate including U2, and II 
strains do not The X2 and all the X19 strains belong to the former giohp ” 

Salicm is fermented by 18 strains only, including the X strains The Kingsbury 
strains, although stated to be descendants of an XI 9 strain, again behave differently 
They fail to ferment salicm It was also noticed that a number of maltose positive 
strains ferment salicm rapidly — within 48 hours 

Levulose, galactose, xylose, arabmose and trehalose are fermented by all 
strains 

Dextrin, starch, mulm, dulcite and sorbite are not acted upon by any strain 
The only exception is U2 which forms acid in starch and acid and gas m dextrin 
and dulcite 

In litmus milk a series of characteristic changes were observed m the case of 
all Proteus strains Rapid and vigorous growth takes place m tins medium with a 
highly unpleasant pungent odour After a transient acidity m some cases the milk 
is rendered alkahne, and m from 48 to 96 hours reduction of the litmus takes place, 
when the liquid assumes a browmsh tint This is followed by digestion of the 
casein, the whole process occupying about a fortnight 

The properties of the Proteus group are admirably summed up by Besson and 
Ehrmger (1923) as follows — 

c Bacilli with rounded ends, very variable in length, no spores, actively motile, 
numerous pentnchial cilia, Gram negative Facultative aerobe , giving on gelatine* 
colonies with tortuous radiating projections creeping out from the parent , on 


Sometimes in about 48 hours a tiny bubble of gas i\as noticed m the lactose 
strains, but the process did not proceed am further and no acid was ever pioduced 


tubes of the X19 
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agar a culture spreading and climbing Coagulating milk without acidification, 
then redissolvmg the clot Not fermenting lactose, manmte or dulcite, fermenting 
glucose, levulose, glycerine and often maltose and saccharose with formation of 
gas Reducing neutral red Producing sulphuretted hydrogen Producing 
usually mdol m peptone water ’ They furtliei say that organisms possessing the 
above characteristics may show slight, differences m proteolytic action, indol 
production and action on sugars which do not justify the creation of different 
species , some may be called different types or vaneties i 

The gas formula of the Pioleus group was detex mined by grooving several strains 
for 48 hours at 37°C m Smith’s fermentation tubes The average formula thus 
worked out foi a numbei of strains was TI/COo = 3-4/1 

Othci icachons 

Yoges-Proslauc ? reaction — Very few authors have referred to the Voges- 
Proskauer reaction as a means of identification for organisms of the Proleus group 
Archibald (1013) found the inaction positive m the case of an organism isolated by 
lum from a case of choleiaic dianhoea Khgler (1914) studied 6 laboratory strains 
and found that all gave a negatne inaction Bengtson (1919) examined a large 
number of Proteus vulgaris stiains, none of which gave a positive result 

In tins study each strain w r as grown m glucose phosphate medium and the 
test carried out after 5 days’ incubation at 37°C All strains gave negative results 
Positive methylene blue icductasc, methyl red and catalase tests w T ere given by all 
strains Likewise nitrates were leduced to ml) lies and ammonia was produced by 
all 

Hccmolysis — Wound and Rcttgei (1919) tested a number of Proteus stiams 
and found that these organisms weic unable to hamiolysc red blood cells Bach 
(1921) showed that a licemotoxm was piesent m young broth cultures of Bacillus 
pioteus Maximum luemolysis of sheep and labbit cells occuired with cultures 
5 to 6 liouis old Weinberg and Otelesco (1921) studied 8 stiams and found that all 
produced an hccmolysin Tayloi (1928) examined 53 strains and reported that all 
produced an hccmolysin foi human ied cells when gxown m peptone water containing 
0 85 per cent sodium chlonde His lcsults, however, were negative on blood agar 
plates 

In this study blood agar plates containing rabbit’s wdiole blood were used 
Tubes containing 10 c c of nutiient agar were melted and cooled to 45°C , 0 5 c c 
of rabbit blood obtained by cardiac punctilio was added and evenly mixed with the 
agar The medium was inoculated with a loopful of a 6 hours’ bioth culture and 
poured into Petri dishes 4 inches in diameter The plates were incubated at 
37°C for 24 hours They w'orc then examined and the appearance noted They 
were re-exammed after another 24 liouis’ incubation at 37°C , and finally after a 
further 24 liouis in the ice-chest By this method well marked hcemolytic action 
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was observed m each instance, the haemolysis being of the Beta type The colonies 
were surrounded by sharply defined, clem, colouiless /ones of lucmolysis Under 
the microscope no coipuscles could usually be seen within the zones 

Odour — A peculini unpleasant penetrating odour together with a smell 
of sulphuretted hydrogen was usually perceptible in the case of all strains 
except U2 after growth in media containing peptone The odour was also 
specially well marked in litmus milk 


Tadlii III 

Fomentation reactions 


Serial 

number 

Designation 

o 

a 

O 

O 

e 

O 

U 

O 

u> 

V 

o 

ft 

O 

Ui 

o 

u 

c 

*o 

o 

c: 

sJ2 

O 

xn 

O 

'c 

O 

in 

*5 

c 

►— < 

O 

t r 

O 

4-> 

o 

£ 

c 

O 

Arabinoso 

O 

u 

£ 

"o 

U. 1 

E- 

O 

IT 

JD 

A G 

A G 

A G 

A G 

A G 



A G 

A G 

1 

X2 0 

— 

1 

4- 4- 

4-4- 

4-4- 

-f 4- 

* 

i 

4-4 

i 

^ -r 

4- t- 

-1. JU 

2 

X19 0 

— 

4-4- 

4-4- 

4- + 

4-4- 

4-4- 

+ 4- 

4-4- 

4-4- 

3 

X19 H 

— 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

4 

X19 (N Y ) 

— 

+ + 

+ + 

+ + 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

5 

X19 (Feirer) 

— 

4-4- 

+ + 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

+ + 

6 

U2 

+ + 

4-4- 

+ + 

4-4- 

4-4- 

4-4- 

4-4- 

"T + 

4-4- 

7 

Kingsbury 0 

— 

4-4- 

+ + 

B 

4-4- 

+ + 

4-4- 

4-4- 

4-4- 

8 

Kingsbury H 

— 

4-4- 

+ + 


4- I- 

+ + 

4-4- 

4-4- 

+ + 

9 

526 

— 

4-4- 

4-4- 

B 

4-4- 

+ + 

4-4- 

4-4- 

4-4- 

10 

Proteus I 

— 

+ + 

4-4- 

4-4- 

4-4- 

4-4- 

+ + 

4-4- 

+ + 

11 

Proteus II 


4-4- 

+ + 

+ + 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 


= Acid , G = Gas 


J, MR 


7 
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Table III — contd 


Serial 

numbor 

Designation 

j 

Lactose 

© 

m 

O 

u 

-M 

y 

© 

Saccharose 

© 

tn 

O 

r^k 

VI 

3. 

1 

3 

1 Galactose 

[ Arabmose 

Trehalose 

Xylose 

A G 

A G 

A O 

A G 

A G 

A G 

A G 

A G 

A G 

12 

Proteus III 

— 

+ 4 

+ + 

4- 4- 

4-4- 

4-4- 

4-4- 

4-4- 

44 

13 

Proteus V 

— 

44 

+ h 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

44 

14 

Proteus nnrnhhs 

— 

44 

+ + 

— — 

4-4- 

4-4- 

4-4- 

4-4 

44 

15 

Protrus 0A 

— 

4 4 

4- 4- 

4-4- 

4-4- 

4-4- 

4-4- 

44 

44 

10 

Proteus 7524 

— 

4 4 

4- 4* 

— — 

4-4- 

4-4- 

4-4- 

44 

44 

17 

Proteus 78071 A 

— 

44 

4-4* 

— . 

4-4- 

4-4- 

4-4* 

44 

44 

18 

Protrus 754A 

— 

44 

4- 4- 

— - 

4-4- 

4-4- 

4-4* 

44 

44 

ID 

Proteus 9146GA 

— 

44 

4- 4- 

4- 4 - 

4-4- 

4-4- 

4-4- 

44 

44 

20 

Proteus 092 A 

— 

44 

4-x 

4-4* 

4-4- 

4-4- 

4-4- 

44 

44 

21 

Proteus B7A2 

— 

44 

4-4- 

1 

4-4- 

4-4- 

4-4- 

44 

44 

22 

Proteus 124S C 

— 

44 

4-4- 


4-4- 

4-4- 

4-4- 

4 4 

+4 

23 

i 

Proteus 115 

l 

| 

44 

+ -*- 

1 

4H- 

4-4- 

4-4- 

4-4- 

44 

44 

24 

1 

Proteus 115A 

1 

44 

4-4- 

i 

4-4- 

4-4- 

! 4-4- 

44 

44 

25 

ProUus 121SW 

, 

44 

4-4- 

— - 

4-4- 

4-4- 

4-4- 

44 

44 

2G 

Proteus It, T 



44 

+ + 

4-4- 

4-4- 

4-4- 

4-4- 

44 

44 

27 

Strain A 

— 

44 

1 

[ 4-4- 

4-4- 

1 

4- + 

4-4- 

4-4- 

44 

44 

28 

Strain B ' 

— 

44 

4-4- 

+ 4- 

+ + 

4-4- 

4-4- 

44 

44 

29 

Strain C 

— 

44 

4-4- 

4-4- 

+ + 

4-4- 

4-4- 

44 

44 

30 

Strain D 

— 

44 

4-4- 

4-4- 

+ + 

4-4- 

4-4- 

44 

44 

31 

Strain E 

! 

1 

44 

4-4- 

4-4- 

+ + 

4-4- 

4-4- 

44 

44 

32 

Strain E 

— 

44 

4-4- 

4-4- 

+ + 

4-4- 

4-4- 

44 

44 

33 

Strain G 

— 

44 

4-4- 

+4- 

+ + 

4-4- 

4-4- 

44 

44 

34 

Strain H 

— 

44 

4-4- 

4-4- 

+ + 

4-4- 

4-4- 

44 

44 

35 

Strain I 

— 

44 

4-4- 

4-4- 

+ + 

4-4- 

4-4- 

44 

44 

30 

Strain J 

— 

+ + 

4-4- 

4-4- 

+ + 

4-4- 

4-4- 

44 

44 


A = Acid , G — Gas 
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Table III — conid 


Fei mentation teachons 


Serial 

number 

Designation 

Glycermo 

Alanmto 

o 

o 

*3 

P 

Sorbite 

Snlicm 

Dextrin 

Starch 

Tnulin 

Litmus milk 



A G 

A G 

A G 

A G 

A G 

A G 

A G 

1 

X2 0 

+ + 


— 

— 

+ + 

B 

B 

B 

+ + 

2 

X19 0 

+ + 

B 

j 

— 

+ + 

B 

1 

B 

+ + 

3 

X19 H 

+ + 

H 

— 

— 

+ + 

B 


B 

+ + 

4 

X19 (N Y) 

+ + 

m 

— 

— 

+ + 


B 

t: 


5 

X19 (Feirer) 

+ + 

— 

i 

— 

+ + 

— 

— 

— 

+ + 

6 

U2 

+ + 

++ 

++ 

— 

+ + 

++ 

+- 

— 

++ 

7 

Kingsbury 0 

+ + 

— 

— 

— 

— 

— 

— 

— 

++ 

8 

Kingsbury H 

+ + 

— 


— 

— 

— 

— 

— 

++ 

9 

626 

+ + 

— 

— 

— 

— 

— — 

— 

— 

++ 

10 

Proteus I 

' + + 

— 

— 

— 

— 

— 

— 

— 

++ 

11 

Proteus II 

+ + 

— 

— 

— 

— 

— 

— 

— 

+ 1- 

12 

Proteus III 

+ + 

— 

— 


— 

— 

— 

— 

++ 

13 

Proteus V 

+ + 

— 

— 

i 

— 

— 


— 

4-4* 

14 

Proteus mirabilis 

+ 4* 

— 

— 

— 

— 

— 

— 

— 

+ + 

15 

Proteus 6A 

++ 

— 

— 

— 

+ + 

— 

— 

— 

+ 4- 

16 

Proteus 762A 

++ 

— 

— 

— 

+ + 

— 

— 

— 

+ 4- 

17 

Proteus 78071A 

++ 

— 

— 

— 

— 

— 

— 

— 

+ + 

18 

Proteus 754A 

++ 

— 

— 

— 

— 

— 

— 

— 

+ 4- 

19 

Proteus 91466A 

4-4- 

— 

— 

— 


— 

— 

— 

++ 

20 

Proteus 69 2 A 

+ + 

— 

— 

— 

+ + 

— 

— 

— 

4“ + 

21 

Proteiis B7A2 

++ 

— 

— 

— 

— 

— 





++ 

22 

Proteus 124S C 

+ + 

— 

— 

— 

— 

— 

— 

— 

++ 

23 

Proteus 115 

++ 

— 

— 

— 

— 

— 


— 

++ 


A = Acid , G = Gas 
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Table III — -conoid 


Serial 

number 

Designation 

Glycerine 

O 

-w 

5 

c 

ci 

t— < 

Dulcite 

Sorbite 

c 

5 

*? 

m 

£ 

E 

4-> 

V 

O 

P 

Starch 

Tnulin 

I 

05 

s 

-*-> 

A G 

A G 

A G 

A G 

A G 

A G 

A G 

A G 

A G 

24 

Prolans 11 5A 

+ 4- 

— 

— 

— 

— 





— 

4-4- 

25 

Prolan 124S W 

4-4- 

— 

— 

— 

— 

— 

— 

— 

4-4- 

2G 

Prolan R I 

+ + 

— 

— 

— 

— 

i 



4-4- 

27 

Strain A 

4-4- 

| 

— 

— 

— 

4-4- 

— 

— 

j j 

4-4- 

28 

Strain B 

i 

+ -*- 

— 

— 


4-4- 



— 

— 

4-4- 

29 

Strain C 

4-4- 

1 " 

— 

1 

4-4- 


— 

— 

4-4- 

80 

Strain D 

4- 4- 

— 

— 

— 

+ + 

— 

— 

— 

4-4- 

81 

Strain E 

4- 4- 

— 

— 

— 

— 

— 

— 

— 

4-4- 

82 

Strain F 

4 4- 

— 

— 

— 

4-4- 

— 

— 

— 

+ + 

38 

Strain G 

4-4- 

— 

— 

— 

4-4- 

— 

— 

— 

4-4- 

34 

Strain H 

4-4- 

— 

— 

— 

-j- 

— 

— 

— 

4-4- 

85 

Strain I 

++ 

— 

— 

— 

4-4- 

— 

— 

— 

4-4- 

30 

Strom J 

4-4- 

— 

— 

— 

4-4- 

— 

— 

— 

4-4- 


A ==- Acid , G = Gits 


Proteolytic properties or the Proteus group 
As alieady stated Hauser subdivided the genus Proteus into three species — 
Proteus vulgans and Pi o feus muabihs which were capable of liquefying gelatine, 
and Pioleus zenlen winch was not It has also been mentioned that later he 
modified his statement and regarded all these as variations of the same species, 
namely Proteus vulgans, because Proteus zenlen may develop the power of 
liquefying gelatine, whilst the other two may lose it 

Since Hauser’s time the power of liquefying gelatine has been regarded as an 
important property of Pioleus , and it has been recorded by various workers on the 
subject — Krogius, Sclirutzler, Wesenberg, Silberschmidt, Cantu, Pergola, Pord, 
Weil and Felix, Wenner and Rettger, Bengtson, Moltke, Taylor, and others 

Theobald Smith (1894) was able to transform a gelatine liquefying strain 
of Proteus vulgans into a non-liquefying strain Herter and Ten-Broeck (1911) 
showed that a liquefying strain of Proteus vulgaris which had lost its hquefymg 
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power but remained typical m otlier respects could have the lost function restored 
by passage through a mouse Bengtson (1919) found that one of her old laboratory 
strains liquefied gelatine very slowly Wcnner and Rettger (1919) mentioned 
3 strains wlucli according to them had lost the property of liquefying gelatine 
They were unable to restore the lost function by a single passage of one of these 
strains through a white lat Moltlce (1927) examined a large number of strains 
and concluded that all the newly isolated strains liquefied gelatine in 1 to 4 days 

In this investigation the proteolytic properties of Piolcus were studied on 
gelatine and inspissated blood serum At first the usual laboratory 18 per cent 
gelatine was tried, but was found to give uncertain results This was then substi- 
tuted with 12 per cent gelatine 

Stab cultures were prepared on gelatine from a 24-hour broth culture of each 
strain and then kept at room temperature (16°C to 18°C ) Streak cultures were 
made on slopes of blood serum, and incubated at 37°C Both the gelatine and serum 
cultures were kept under observation for 2 weeks or for shorter periods m case 
liquefaction took place earlier Liquefaction was noticed to start at the surface, 
become crateriform, and then spread down until the whole tube was involved 
The results have been shown in Table II 

No differences were observed so far as the liquefaction of gelatine was concerned 
between maltose positive and maltose negative strains All the strains liquefied 
gelatine with the exception of Kingsbury 0, Kingsbury H and Strain D, winch 
failed to attack it Wenner and Rettger (1919) also observed loss of ability to 
liquefy gelatine m certain of their strains, so that the absence of tins property in 
the presence of other characters does not necessarily exclude an orgamsm from the 
Proteus group The Kingsbury orgamsm is an XI 9 strain, which is stated by 
Fletcher and Lessler (1925) to have been obtained by them from Dr Neave Kings- 
bury It is the same strain which was supplied to the Bland-Sutton Institute of 
Pathology from the British National Collection of Type Cultuies in 1921 As all 
X19 strains liquefy gelatine, evidently, therefore, this strain must have lost this 


faculty during its subcultural existence The same seems to be the case with 
Strain D which otherwise behaves, both culturally and serologically, as a member 
of the X19 group Kendall, Cheetham and Hamilton (1922) maintain that the 
ability of strams of Bacillus proteus ( Proteus vulgaris) to induce liquefaction m 
gelatine is frequently decreased or lost through prolonged cultivation m artificial 
culture media, and that the loss of such power is rather a common modification of 
cultural and chemical properties of the typical orgamsm The association of Pi oteus 
vulgans with human lesions is, m the opinion of these authors, accompanied 
frequently by such a modification 1 


The faculty of liquefying and digesting inspissated Mood serum was not so 

Tmnl and its o The xT<, £ 7 nd t0 possess ttls powei - ^ 626 > 6A < 7KA . 
<0071 A and 124S C The X19 strains amongst others lacked it completely On 
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the whole, there would seem to he an inverse relationship between maltose fermen- 
tation and serum liquefaction All the maltose positive strains with the exception 
of 6A failed to liquefy blood serum The relation between maltose negative strains 
and serum liquefaction was not so constant 

UREA DECOMPOSITION DY THE PiOleUS GROUP 

The role of the Pwleus m causing infections of the urinary tract has already 
been referred to , most authors have laid stress on its power of decomposing urea 
with the formation of ammonia Kiogius (1890), Schmtzler (1890), Hofmeister 
(1892), and Povsing (1897) have refcired to it Erodmeier (1895) apparently first 
studied the question experimentally He grew a Proteus strain m urine sterilized 
by heating to 100°C for 30 minutes The amount of urea decomposed was deter- 
mined bv titration both before and after the cultivation of the organism Wolf 
(1918) studied the urea decomposition properties of 3 Proteus strains m sterile unne, 
and found that 45 per cent of the total nitrogen of the urine was liberated Douglas 
Fleming and Colebrook (1920) also emphasized the urea decomposing faculty of 
the P)oteus as a diagnostic criterion Moie recently Molfcke (1927) studied 191 
strains for urea decomposing pow'ei and found that all of them possessed this 
characteiistic 

In tins investigation owing to the difficult)’ of obtaining absolutely sterile 
samples of urine it ivas considered moie convenient to prepaie an artificial solution 
of urea as suggested by Moltke (1927) A 2 per cent solution of urea (Urea punss, 
Merck) was piepared m 0 8G per cent salt solution , phenol red was added in the 
proportion of 1 in 50,000, and the pH w r ns adjusted to 6 0 The liquid was then 
filtered through a Beikefeld filter to ensure sterility A loopful fiom a 24-hour old 
agai culture was used for inoculating each strain into urea The inoculated tubes 
were incubated at 37°C for 24 hours before taking the reading All the strains 
included m tins study with the exception of U2 gave a positive result, w’hick was 
indicated by a change m coloiation of the urea solution from a light yellow’ to a 
beautiful deep crimson The X group of strains together w ith the Kingsbury strains 
were found to be the most active m this respect, the decomposition being usually 
apparent m their case within 4 to G hours 

Hydrogen sulphide production by the Pioteus group 

Horowitz (191G) stated that all of her 24 strains produced hydrogen sulphide 
Tanner (1917) observed similar results Wenner and Rettger (1919) found that 
all of their 73 strains formed hydrogen sulphide. Likewise Bach (1921) reported 
that all of Ins 23 strains formed hydrogen sulphide Tilley (1923) earned out a 
number of tests with his Proteus strains and found that all gave positive results 
Moltke (1927) examined 194 strains and observed that all produced hydrogen 
sulphide 
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In tins investigation eacli strain was inoculated on to a slant of lead acetate 
agar and incubated at 37°C for 10 days The formation of hydrogen sulphide was 
indicated by blackening of the medium All the strains gave uniformly positive 
results which aic shown m Table II 

Indol production by tite Pioleus group 

The faculty of mdol production by tins genus has been pointed out by 
many authors, although considerable variations have been noticed in this 
respect 

Klieneberger (1908) found 18 strains capable of mdol production out of 24 
Glenn (1911) examined 7 Pioleus strains, all of which formed mdol Herter and 
Ten-Broeck (1911) studied two strains which proved to be mdol forming Cantu 
(1911) obtained the same results on investigating 180 strains Van Loghem and 
Van Loghem-Pouw (1912) m a study of 31 strains found 27 mdol forming and 4 
non-mdol for min g strains On the basis of this study they divided the strains 
into two classes, namely, Bacillus ])roieus indologenes and Bacillus pioleus 
amiidologenes 

Berthelot (1914) found that 24 out of a total of 61 strains were mdol forming 
Khgler (1914) tested 5 strains and found 3 mdol positive Horowitz (1916) observed 
that 7 out of 24 strains examined produced mdol Stewart (1917) found 1 out of 
his 29 strains to be mdol forming Bengtson (1919) showed that mdol production 
in the Proteils group coincided with the fermentation of maltose and saccharose 
Wenner and Rettger (1919) tested 73 strains Of these they state that 33 gave a 
strongly positive reaction, 36 a slightly positive and 4 a negative reaction Moltke 
(1927) examined a large number of strains and found that all non-maltose fermentmg 
strains formed no mdol, and that 36 out of the 37 maltose fermentmg strams formed 
mdol 

In this study each strain was tested with Bohme’s reagent For the test each 
strain was grown m 1 per cent peptone water for 5 days and then 1 c c of the reagent 
was allowed to run down the side of the tube A positive reaction was charac- 
terized by the development of a colour varying from faint pink to deep magenta 
Treated in this way all Proteus strains were found to produce mdol with the excep- 
tion of the following — 

Kingsbury 0 
Kingsbury H 
526 ' 

Pioleus mirabilis 
Proteus 752 A 
Proteus 7 8071 A 
Proteus 754A 
Proteus 124S C 
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Proteus 11DA 
Proteus 124.S W 

The lclationslup between maltose fermentation and mdol production has been 
shown m Table II It will be observed that all maltose-positive Pioteus strains 
including the X strains produce mdol All the maltose negative strains fail to 
produce mdol, the only exception being B7A2 which although maltose negative 
foims mdol On the whole, therefore, there would seem to be a close association 
between the maltose fermenting power of a Pioteus organism and its mdol 
forming faculty 


Agglutination reactions 

Many attempts have been made m the past by various workers to employ 
agglutination icactions as a basis foi subdividing the Proteus gioup 

Wolf (1899) studied the agglutination pioporties of 2 Proteus strains with 
immune sera produced from these strains The strains were agglutinable with 
their homologous sera, but were not mutually related 

Klienebcigcr (1908) studied the serological properties of a number of strains 
and found that some of lus strains weie agglutinated by the same serum but others 
remained unaffected 

Cantu (1911) examined 9 strains m a cross agglutination experiment and found 
that only two of these were homologous lie, theicfoie, concluded that this method 
could not be used for subdividing the Pioteus gioup 

Van Logliem and Van Logkem-Pouw (1912) exnmined 31 stiams and claimed 
that mdologeuic strains could be distinguished from non-mdologemc strains by 
their agglutinative properties 

Horowitz (1916) by cross agglutination experiments saw the possibility of a 
serological type division of Pioteus bacilli 

Weil and Felix (1917) investigated the relationship between the X group of 
strains associated with typhus fever and the Pioteus bacilli derived from other 
sources They found that none of the latter were agglutinated by typhus fever _ 
sera 

Bcngtson (1919) studied a number of strains with 5 immune sera and considered 
that tbey could be subdivided into two or more groups She found no relationship 
between fermentation reactions and the agglutinative properties of these strains 
Wenner and Rettger (1919) examined 73 stiams by direct agglutination with 
7 immune sera With one exception all the sera agglutinated other strams besides 
those employed m their preparation Some were agglutinated with more than one 
serum Nineteen strams failed to be agglutinated by any of the sera They, 
therefore, regard the Proteus group, like the streptococcus and the Bacillus 




Plate XLV 



Fig J — ‘ 0 ’ ana ‘ H ’ agglutination 
Ilio first tubo shows the * 0 ’ and tho second the ‘ II ’ ngglutination 
The third is the control 
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dyscntencv group, as more or less lieieiogenous, and consider that while ilm 
agglutination method may be of some value m identifying members of the 
Proteus gioup, negative results do not necessarily exclude an organ nim from the 

group 

Moltkc (1927) studied 194 strains by means of 27 immune sera pioriuccd with 
some of these strains He found by agglutination experiments that swarming 
forms could be divided into three mam groups together with several smaller gioups 
The sera produced noth non-swarming strains did not present the same consistency 
of action 

In this investigation all the strains w'ere studied by means of 4 immune sera 
prepaied by immunizing labbits 

These sera were prepared rvith the following strains 
X2'0 
X19 0 
X19 II 
Kingsbury H 

The bacillary suspensions for the agglutination tests ivere prepared fresh on 
each occasion by washing off two agar slants of a 24-hour growtli of the organism 
concerned m 7 0 c c of a 0 86 per cent salt solution, and adjusting the density to 
McFarland’s nephelometer tube No 5 which is equivalent to 1,800 millions 
organisms per c c (Kolmer, 1925) Living suspensions were employed throughout 
these tests 

When the test was put up the tubes were well shaken and then incubated 
at 37°C for 2 hours At the expiration of that period the}' were removed to 
the ice-chest and the results recorded after 24 hours Readings weie made as 
follows — 

4+ = Organisms all precipitated, supernatant fluid perfectly clear 
3-f = Organisms nearly all precipitated, supernatant fluid slightly cloudy 
2+ = Organisms partially precipitated, supernatant fluid more cloudy than 
m 3+ 

+ = A perceptible precipitate of organisms, supernatant fluid cloudy 
— = No precipitate or clumping Like control without serum 
The differences between ‘O’ and ‘ H ’ agglutination as described by Weil 
and Felix (1917) were well brought out during the course of the experiments It 
was observed that an ‘ 0 ’ serum — the serum produced by injecting rabbits with 
an 0 ’ organism — agglutinated its homologous strain m fine granules, which 
settled down into the tube as a more or less compact sediment On the other hand 
the reaction between an ‘ H ’ serum and an ‘ H ’ strain was of an altogether difierent 
order This was shown by the development of comparatively large cotton-like 
coarse floccules which settled down as a large loose sediment Plate XLV fie 3 
serves to illustrate these differences ’ ° 
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The lcsults of the agglutination tests are shown m Table IV m which the 
highest dilution of the sera giving a 4-f icaction with the various organisms are 
recorded 


Table IV 

Agglutination tests of all shams with Proteus immune scui 


Scrum 

uumbor 

Designation 

■ i 

! Scrum X2 0 
| (Titro 5,120) 

i 

i 

Serum X19 O 
(Titro 10,210) 

Scrum X10 H 
(Titro 5,120) 

Serum Kings 
bury H 
(litre 10,240) 

1 

X2 0 

| 

0,120 

80 

0 

0 

<> 

XI 9 0 

" l 

10 2)0 

r»,)20 

CIO 

:i 

X10 H 

o 1 

1 

1 

1 

r > 120 

5 120 

320 

4 

X10 (N Y ) 

° ! 

i 

1 0 210 

r» 120 

1,280 

5 

Xlfl (Ecircr) 

0 i 

a 120 

5,120 

1,280 

0 

j 

U2 

0 

0 

0 

0 

7 

Kingsburj 0 

0 

i 

1 280 

1 

10 

5,120 

8 

Kingsbun H 

0 

1,280 \ 

. 

1,280 

10,210 

0 

G26 

t 

0 

40 

1 

610 

640 

10 

Proteus I 

20 

1.2S0 

2 500 

2,500 

11 

Proteus II 

0 

160 

0 

40 

12 

Proteus III 

0 

3C0 

0 

40 

11 

Proteus V 

0 

0 

0 

• 

0 

14 

Proteus mtrabths 

20 

100 

2, COO 

040 

10 

Proteus 0A 

20 

640 

640 

1,280 


jr 0 [ C * Titro * = the highest dilution giving a 4+ ngglutination 

« Titro 0 ’ = less than 4+ agglutination m a dilution ol 1 20 
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Tabu, IV — covrld 


Serum 

number 

Designation 

Serum A2 0 
(Tit re 5,120) 

•Serum Alt) 0 
(Titro 10,210) 

j 

Spiuni A19 11 
(Titre 5,120) 

Scrum Kings 
lnirv 11 
(Titre 10,210) 

10 

Proteus 752A 

0 

40 

100 

80 

17 

Proteus 7S071A 

0 

40 

100 

040 

IS 

Proteus 754A 

0 

0 

0 

0 

19 

Proteus 91400A 

0 

40 

320 

010 

20 

Proteus 092A 

0 

010 

010 

2 500 

21 

Proteus B7A2 

0 

0 

0 

0 

22 

Proteus 124SC 

0 

SO 

80 

0 

23 

Proteus 115 

0 

100 

010 

040 

24 

Proteus 115A 

0 

0 

40 

0 

25 

Proteus 124S W 

0 

80 

80 

0 

20 

Proteus R I 

0 

0 

0 

0 

27 

Strain A 

0 

5,120 

5,120 

0 

28 

Strain B 

0 

5,120 

2,500 

0 

29 

Strain C 

0 

2,500 

2,500 

040 

30 

Strain D 

0 

10,240 

5,120 

640 

31 

Strain E 

0 

80 

040 

20 

32 

Strain E 

320 

160 

640 

0 

33 

Strain G 

0 

10,240 

2,500 

320 

34 

Strain H 

0 

2,560 

2,560 

320 

35 

Strain I 

0 

2,560 

2,660 

160 

36 

Strain J 

0 

2,660 

5,120 

640 


N ° te « Titre 0~ -1 hl8 I\? St d ; Ultl0n glVlng a 4 + agglutination 

1 t e 0 - less than 4+ agglutination in a dilution of 1 20 
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Discussion op results 

It will he seen that each immune serum agglutinates not only its homologous 
strain but a number of other shams ns well For example, the Xl 9 0 serum 
agglutinates X19 0, X19 (N Y ), Strain D and Strain G to full titre The other 
X19 shams, namely, X19 H, X19 (Fcirer), Strains A, B, C, H, I and J give a 
4+ reaction eitliei at half titre or a qunrtei titre The next group consists of X2 0, 
Kingsbury 0, Kingsbury H, 526, Pioteus I, Pioteus II, Proteus III, Proteus mira- 
bths , GA, 752 A, 78071A, 91466A, 692A, 124S C , 115 medium active, 124S1V, 
Strain E and Strain F These show fairly well-marked agglutination although 
loss than one-fourth the title And lastly, we have Proteus V, 754A, B7A2 and 
115A and B I which show either vei} r feeble or no agglutination response 

The agglutinations obtained with X19 <H and Kingsbury H sera, although 
differing m detail, aie on the same general lines The serum X2 0 which has a 
titre of 5,120 shows feeble agglutinative powers for only a few of the strains It, 
howcvei, gives a 4+ reaction with Strain F m a dilution of 1 m 320 The Strain F 
is X2 (F C) of the Pasteur Institute of Pans It is, however, an * H ’ strain, 
being actively motile and a iapid sw aimer, whereas the immune serum has been 
prepared with X2 0, a non-motilc and non-sw aiming strain 

Pathogenicity 

The pathogenic action of the Pioteus group m human beings has already been 
referred to m the preceding pages Its pathogenicity for experimental animals 
has been discussed by a number of woikcrs Larson and Bell (1915) carried out 
experiments on the pathogenicity of Pioteus bacilh and found that fleshly isolated 
strains fiom human lesions weie pathogenic for labbits, rats and guinea'-pigs 
producing abscesses oi granulomatous lesions, but after cultivation under laboratory 
conditions such eultuies produced no lesions 

Tsikhnsky (1917) states that mice, lats, rabbits and guinea-pigs aie killed by 
subcutaneous or mtra-pentoneal injections of \-\ c, c of a broth cultuie, especially 
of strains isolated from cases of infantile diarrhoea Death usually results 
withm 24 to 36 hours If the animals survive abscesses result and wasting is 
observed 

Bengston (1919) carried out virulence tests by injecting mice with 24-hour 
broth eultuies mice and 0 1 c e amounts In general she found that 1 cc of 
broth cultures injected subcutaneously caused the death of mice wuthiii 24 hours, 
and 0 1 c c produced no ill effects regardless of source Glucksmann (1899) who 
caused death of mice m 18 hours to 3 days by the injections of 0 1 to 0 5 c c of broth 
cultures of an organism isolated m a food poisoning epidemic considers the organism 
to have been very pathogenic for these animals Levy (1894), Silberschmidt (1S99) 
and Schumbuig (1902) found that 0 1 to 0 5 c c of cultures were required to produce 
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death Wesenberg (1898) found thnt mice were killed with 0 2 cr of a 2'1-hour 
broth cultuie, and that less than 0 2 er caused weakness and loss of appetite 
Grossman (1901) isolated a Pioteus organism fiom a ease of peritonitis whu h killed 
mice m amounts of 0 005 c e 

Cohn (1924) earned out a mnnbei of experiments to test the pathogenn power 
of these miciobcs Mice were fed on broth cultures without effect, but feeding on 
meat soaked in broth cultures of Piotnis for 21 hours lmarmbh produced fatal 
results Intrapcntonenl injections of 2 c c of the broth cultures prodmed no ill 
effects 

Wenuer and Rettgcr (1919) tested the psthogeniciU of se\eral strains In 
injecting 2 c c of saline suspensions of 21-hour agar cultures Subcutaneous 
injections m rabbits produced abscesses and mflammaton c onditums which 1 isted 
several months In white rats the results \ aned with the strains, some causing 
symptoms of toxanma and killing the animals in 18 to 21 hours, when injected In 
the subcutaneous route, others caused no apparent illness ow*n when the 
injections were mtrapcri toil cal 

In tins investigation three strains — X19 O X2 0 and ProU (/*• I — were sc lec ted 
for the study of their pathogenic action on white mice and r dibits Alice were 
injected intraperitoneally with doses of 0 5 ce and 1 0 ce of a 18-hour broth 
culture of each strain The results arc show n in Table V — 


Taui/l V 

Results of jmthoqcmcily experiments on mice 




Organism injected 

Dose of culture 

Hn.su ts 

Mouse No 

1 

X19 O 

0 5 c-c 

Died in 18 hours 

Mouse No 

2 

Do 

10 cc 

Died in IS hours 

Mouse No 

3 

X2 0 

0 5 c c 

1 

Sick for 4 to 5 dnjs 

Mouse No 

4 

Do 

1 0 c c 

Do 

Mouse No 

5 

Proteus I 

0 6 c c 

Died in 24 hours 

Mouse No 

6 

Do 

1 0 0 0 

Do 


m ao r ,, u u u u culture w 

m 48 hours m the case of X19 0 and m 24 hours in the 


as sufficient to kill the mice 
case of Pioteus I One-half 
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and 1 Occ quantities of the X2 0 culture failed to destroy the animals, although 
it made them seriously ill 

In rabbits mtrapentoneal injections of 1 c c of a 48-hour broth culture of 
Piolrus I and 2 c c of XI 9 0 and X2 0 were sufficient to cause the death of the 
animals within 4 to 5 days Subcutaneous injections of sub-lethal doses produced 
localized abscesses which persisted for many months 

Summary and conclusions 

1 A review of the literature was made, discussing the distribution of organisms 
of the Piotcus group and their role in human pathology, especially with reference 
to infections of the urinary tract, acute gastro-cntciitis of children, meat poisoning 
and Weil’s disease oi infectious jaundice 

2 Thnty-five strains of the Proteus gioup and ] variant strain of the 
Bacillus coh gioup— U2— were studied The latter was included in this in- 
vestigation on account of its ngglutmnbihty with scia obtained from cases of 
typhus fever 

3 A study of the morphological ehnracteis of the Proteus group was carried 
out, including the growth on solid and liquid media, staining properties, micro- 
scopic appearance, and motility The phenomenon of swarming was studied All 
the Piotcus strains weie found to be sw armors with the exception of certain strains 
designated as ‘O’ strains Although Hauser regards swarming as an essential 
piopcrty of the members of this gioup, it is considered that lack of tins character 
does not necessarily exclude an organism from the Piotcus group provided it conforms 
to the other cultural reactions of the group 

4 The fermentation reactions of all strains were studied on a number of 
carbohydrates It was found that all Piotcus strains ferment dextrose and glj ccrme 
None ferments lactose All ferment saccharose including the Kingsbury strains 
Twenty-four strains fciment maltose Salicm is fermented by 17 strains including 
all the X strains Lcvulose, galactose, xylose, arabwosc and trehalose are fermented 
by all strains Manmte, dulcite, sorbite, dextrin, starch and irrahn are not 
fermented by any Litmus milk exhibits a senes of characteristic changes and 
develops a highly unpleasant odour After a transient acidity in some cases the 
milk is rendered alkaline, followed by reduction of the litmus and digestion of the 
casein The gas formula of the Proteus group was determined m dextrose broth 
On the average it was H/C0 2 ==3-4/l 

5 Other reactions of the group were studied All strains gave, a negative 
Voges-Proskauer, a positive methyl-red test, reduced methylene-blue, reduced 
nitrates to nitrites, produced ammonia m peptone water and gave a positive catalase 
test Likewise all strains were luemolytic and developed an unpleasant odour m 
media contaimng peptone 
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6 Proteolytic propci tics of the group were studied on 12 per cent gelatine 
and inspissated blood serum All Proteus strains liquefied gelatine with the excep- 
tion of 3— Kingsbury 0, Kingsbury II and Strain D No differences w ere obxen cd 
m the liquefaction of gelatine between maltose positive and maltose negative 
strains Blood scrum v T as liquefied by 5 strains only — 52(1, Proteus fiA, Protein 
752A, Pioteus 78071A and Piotcus 124S C 

7 The power of decomposing urea was exhibited by all strains Likewise 
the property of producing hydrogen sulphide, indicated by the darkening of lead 
acetate agar, w r as possessed by all strains 

8 The faculty of mdol production was tested by means of Bolimo s reagent 
All Pioteus strains fonned mdol with the exception of ten The latter group included 
the Kingsbury strains In gcncial there is a close association between the maltose 
fermenting power of a Proteus organism and its mdol forming faculty 

9 The agglutinative properties of the group were studied b) means of 4 
rabbit immune sera As a lesult of this it is concluded that — 

(a) An immune serum produced with a particular strain agglutinates not 

only its homologous strain but a number of other strains also 

( b ) No correlation can be established between the fermentation reactions 

and the agglutinating properties of the strains 

(c) On the basis of the agglutination tests the strains can be divided into 

two or more groups 

(d) The X19 strains form a group by themselves, culturally as well as sero- 

logically The K2 strains— <X2 0 and Strain F— although culturally 

similar to the Xl9 group are serologically distinct 
10 The pathogemc properties of some of the strains were studied on white 
mice and rabbits In general it was found that a dose of 0 5 c c of a 48-hour broth 
culture when injected mtrapentoneally killed white mice m 48 hours For the 
rabbits a dose of 2 c c was required Subcutaneous injections m rabbits of sub- 
lethal doses produced localized abscesses winch persisted for long periods 



Part II. 

TITE LABORATORY DIAGNOSIS OF TYPHUS FEVER 
The Wilson-Weil-Ielix reaction 

The cnihest observations on the subject appear to liave been made by W J 
Wilson m Belfast (1909, 1910) He showed that m typhus fever the blood serum 
often agglutinates intestinal bacilli, for example, Bacillus colt, Bacillus typhosus 
and especially a colifoim bacillus— the Bacillus U— isolated from certain cases of the 
disease In dealing with the aetiology of typhus lie pointed out that the presence 
of the agglutinins did not necessarily imply that the bacillus m question was of 
cetiological significance, and he inclined to the view that such cases were instances 
of secondary infection and that the agglutinins were heterologous m nature 

Latei, Weil and Felix (191G) investigated a group of cases thought to be enteric 
fever but m whom the Widal reaction against Bacillus typhosus, Bacillus para- 
typhosus A and Bacillus para-typhosus B were negative One of the cases was a 
Roumanian doctor who gave completely negative Widal reactions to the enteric 
gioup of organisms Fiom his urine was isolated an organism which was agglutina- 
ted by the patient’s own serum m a dilution of 1 in 200 It was then observed that 
the sera of nine othei patients agglutinated the same oigamsm This organism — 
X2 — was a short, delicate, Giam negative bacillus of the Proteus type and was 
actively motile On Conradi-Dugalski medium bluish colonies developed On 
Endo’s medium the colonies w r crc colourless after 24 hours, but later became reddish 
Glucose and lactose were fermented with the production of acid and gas Milk 
was coagulated m 40 hours Gelatine w r as liquefied m 48 hours The colonies on 
ordinary plates closely resembles those of Proteus vidgans The organism was 
tested against agglutinating sera for Bacillus typhosus, Bacillus para-typhosus A, 
Bacillus cntcnluhs, Bacillus dyscntcncc Slnga and Bacillus dy sentence Flexner, but 
gave negative results with all of them m dilutions of 1 m 100 Next 33 cases 
diagnosed chnicall}’’ as typhus w ere tested against this organism , all of them gave 
a positive agglutination with the organism in dilutions varying from 1 m 25 to 
1 m 500 It was obseived that agglutinins for this organism developed m typhus 
fevei at an early stage of the disease, and had already reached their height when 
blie rash appeared about the fifth day of illness The titre remained high during 
blio period of pyrexia and fell quickly after defervescence Two months after the 
md of pyrexia no patient’s serum gave a higher agglutination than 1 in 25 

Later Weil and Felix discovered a second strain of the same bacillus and to 
bins strain the name X19 has been apphed The essential difference between X2 
and X19 is that the X19 is agglutinated up to a very much highei titre by the serum 
of typhus cases, l e , up to a dilution of 1 in 2,000 or even higher The reaction, 

( 816 ) 
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therefore, with this si, min is much moio mmked ilmn with the less ngglutinnble 
original stimn— X2 The X19 has been found in the urine of cases by othei obser- 
ver's also, notably by Dienes (1017) Fucdbcigci (1817), summing up the position 
of the Wcil-Fchx reaction, states that the test is absolutely specific for typhus 
fevci, and agglutination is not shown by any noiinal seiiim or the serum m nnv 
other febrile disease m a gieatci dilution than 1 m 100 with the more agglutinnble 
strain (X19) In cases of typhus a positive i cart ion is obtained in 00 per rent 
of all cases The agglutination occurs m two hours at 07 °C and reaches 
1 m 1,000 to 1 in 2 000 or even higher Fiicdbcigci consideis that the reaction is 
more marked and specific than the Widal loaction m typhoid fevet 

Fanley (1919), walking m Palestine m 1918, confnmed the lalue of the Weil- 
' Felix reaction m typlius fever Of 65 cases of definite typhus fcvei 63 or 9 4 per 
cent yielded positive agglutinations Of 120 lion-tvphus sera no ease yielded a 
positive agglutination m a dilution of 1 in 20 Fairley considers that the Weil-Folix 
reaction m typhus fever is dependent on the presence of secondary non-spec lfie 
agglutinins which have the property of agglutinating this Pro/eus-hke organism 
In the view of Weil and Felix the agglutination of XI 9 by the seia of typlius 
patients is essentially specific, and due to a special relation between the virus of the 
disease and this organism On the other hand, Wilson, on the ground of his own 
experimental work with Bacillus U, U2, etc , considers that the XI 9 is only one, 
though the most suitable, of a number of organisms wdncli can be used for diagnostic 
agglutination m typlius fever According to the latter view, the reaction is due to 
the production of agglutinins m the sera of typhus patients foi a variety of bacteria, 
and is not really specific (Wilson, 1919, 1910, 1917, 1920, 1923, 1927) 

Some of the arguments brought fonvaid against the specific action of the 
X strains in typhus fever are (1) the heat lability of the agglutinins found m the 
serum of typhus patients compared with the greater heat stability of the agglutinin 
m the serum of a man or animal inoculated with cultures of the X strains, (2) differen- 
ces displayed with regard to the action of typhus fever agglutinins and the 
specific agglutinins m the serum of immunized rabbits on heated and unheated 
bacilli, (3) the rarity of the isolation of the X strains fiom the bodies of typhus 
fever patients, (4) the occurrence of X strains m the bodies of people wdio have not 
had typhus fever 


Weil and Felix (1917) sought to meet the objections raised as to the specificity 
of the X strains by showing that cultures of XI 9 dissociated into two varieties, 
one forming a raised colony without any spreading film (ohne Hauch)— ‘ 0 ’ strains' 
and the other forming a spreading film (nut Hauch)-' H ’ strains, and by showing 
that the 1 0 5 variety was agglutinated m the highest titre by typhus fever sera and 
that the agglutinins produced m the blood of rabbits inoculated with £ O strains 

llke , the y« lut,mn8 “ typhus fever serum as to heat lability Later 
(1918) they showed that the ordinary Proteus strains also possessed ‘ O ’ and ' H ’ 
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receptors and that their ‘ 0 ’ icceptors were in all cases distinct from those of 
the X strains 

In this investigation an attempt was made to ascertain the relative values 
of the 3G strains (Table I, Part I) m tlu* Wilson-Wcil-Fehx reaction foi the diagnosis 
of typhus fevei For this pm pose 4 typhus sera were obtained — 3 from the National 


Chart 1 



Tho comparative ngglutiuativo value of tho X strains in the Wilson-Wol Foh\ 

reaction 


Institute of Health (Hygienic Laboratory), Washington, D C , and one from the 
City General Hospital, Baltimore, Md 

Living bacillary suspensions of the oiganisms were used m all cases The 
reactions obtained with the 4 sera, although the titre varied with each, were found 
to be in close agreement Table I shows the agglutination reactions with one of 
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the seia, and Chart 1 demonstiates the comparative agglutinative value of the 
X group of strains in the Wilson-Weil-Fchv lenction 


Table I 

Aqglnlrnation of all shams with typhus serum 


Si uum mtutions 


number Designation 


X19 0 
X19 H 
X19 (N Y ) 
X19 (Feircr) 


Kingsbury O 
Kingsbury H 
526 

Proteus 1 
Proteus II 
Proteus III 
Proteus V 
Proteus imrabilis 
Proteus 6A 
Proteus 752A 
Proteus 78071A 
Proteus 54A 
Proteus 91466A 
Proteus G92A 
Proteus B7A2 
Proteus 124S C 
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TabT/U I — concld 


Serial 

number 

Designation 

Sfkum dilutions 

20 

40 

80 

1G0 

320 

040 

Control 

23 

P rote i/s 115 

— 


— 

— 

— 

1 

1 

- 

21 

Proteus 115A 

— 

— 

— 

- 

- 

! 

- 

23 

Proteus 124S W 

- 

— 

— 

— 

- 

- 

— 

20 

Proteus It I 

— 

— 

— 

— 

- 

— 

- 

27 

Strain A 

I 1- 

\ -(* 

2f 

+ 

— 

■ 

; 1 

- 

28 

Strain B 

I 1- 

I 1- 

4 1- 

2+ 

f 

- 

- 

20 

Strain G 

If 

2f 

2f 

— 

— 

— 

- 

,30 

Strain D 

If 

4f 

1 b 

4f 

If 

4f : 

- 

31 

Strain K 

+ 

— 

— 

— 

— 

— 

- 

32 

Strain F 

3+ 

2 1 

4 

— 

— 

— 

- 

33 

Strain G 

4 + 

4 + 

4f 

2f 

+ 

— 

- 

34 

Strain IT 

If 

4f 

f 

4* 

— 

— 1 

— 

35 

Strain I 

4f 

4 + 

4f 

2f 

f 

- 

— 

30 

Strain J 

If 

4f 

3+ 

f 

f 

— ! 

~ 


As a result of the study of these reactions it is permissible to draw the following 

conclusions — _ T __ t , , 

1 The most suitable strains for use m the Wilson-^ eil-Felrt reaction 

the X19 0 and the Strain D I have no doubt that Strain D is also an X19 strain 
of the 0 type, since it possesses all the cultural characters of the X strains, is non 
motile, lacks the swarming faculty, agglutinates up to full titre with the XI 9 
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immune serum, and like the X19 0 is capable of removing the agglutinin from the 
XI 9 0 immune scrum 

2 Of the other X19 stiams, including the Strains A, B, C, 6, IT, I and J, 
X19 (N Y )— i the strain earned by the New York State Health Department— is 
the next best It shows a 4+ agglutination m a dilution of 1 m 320, and a 2+ 
reaction m 1 m 640 which is the title of the serum The other X19 strains give 
a final 4+ leaction m different dilutions varying from 1 m 20 to 1 m 80 

3 The X2 strains— X2 0 and Strain F— are, on the whole, much less agglu- 
trnable than most of the XI 9 strains X2 0 gives a d + reaction up to 1 m 40 
only 

4 Of the Kmgsbmy stiams, which are stated by Fletcher and Lesslar (1926) 
to be moie agglutmable than X19 in ceitam cases of tiopical tophus, the Kingsbury 
O seems to show somewhat better lcsults, giving a 4+ reaction up to 1 in 20 and 
a 4- reaction up to 1 m 640 

5 Other strains—' U2, 526, Pioleus II, Piolcus III, Proteus 6A and Piolcus 
754A — also possess feebler agglutinative properties 

6 It is worthy of note that of the five known stiams derived fiom lower 
animals — Pi oteus 124S C , Pioleus 115, Piolcus 115A, Pioleus 124S W and 
Pioteus R I —none exhibits any tiace of agglutinability with trphus serum 

The effect of heal on typhus fevei agglutinins and the immune labbil 

‘ O ’ and ‘ H ’ agglutinins 

Weil and Felix (1917) have shown that cultuics of X19 can be dissociated into 
two varieties, one the ordinary swarming oi the c Id ’ form and the other the non- 
swarmmg variety or the ‘ 0 ’ form They have also found that the ‘ O ’ variety 
is agglutinated m the highest title by the sera of typhus fever patients, and that 
such sera invariably contain the ‘ 0 ’ agglutinins Pioteus X19, howevei, also 
reacts with the ‘ H ’ agglutinins and it is well known that such agglutinins arc 
occasionally met with m the sera of individuals suffenng from various non-typhus 
diseases like cystitis, nephritis, otitis, etc , due to an existing or a previous infection 
with oiganisms of the Proteus gioup, and it has also been shown in the pieccdmg 
pages that a Proteus immune serum is usually capable of agglutinating not only 
its homologous strain but a number of other stiams as well The matter becomes 
therefore, of great practical importance, and it is conceivable that such a contin- 
gency may constitute an important source of error m the interpretation of the 
W llson-W eil-F ehx reaction To obviate this difficulty Weil and Felix (1917) and 
Felix and Olitzki (1929) made a comparative study of the typhus and immune 
agglutinins They found that the agglutinins produced m the blood of rabbits 
inoculated with an ‘ O 5 strain of Proteus X19 behaved as to heat lability like the 
agglutinins m typhus fever serum Heating the serum to 65°C to 70°C for 
40 minutes destroyed the ‘ O ’ agglutinins, but the ‘ H ’ agglutinins although reduced 
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m titre were not destroyed The question lias been investigated by various other 
workeis also, but the procedure has not yet yielded uniform results in all cases 
It was, therefore, considered desirable to undertake a study of this problem 
during the corn sc of tins investigation 

A typhus serum obtained from a convalescent case of the disease and X19 0 
and X19 II immune sera pieparcd by injecting labbits were diluted 1 m 20 with 


ClIAKT 2 



The effect of temperature in 1 hour on typluib fc\ er agglutinins and 
tlie immune rabbit 1 O ’ and ‘ H ’ agglutinins 


sterile 0 8G pei cent salt solution and heated to 56°C , G0°C , G5°C , 70°C , and 
75°C for different periods of time, varying from quarter of an hotn to 3 hours, when 
tlie agglutination tests were set up with the living homologous strains m the case of 
the immune sera and with a living X19 0 culture m the case of typhus serum 
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The differences are clearly shown m Tabic II which gives the lesults alter heating 
for 1 hour The same is illustrated graphically m Chait 2 


Table II 


Oompai ison of c 0 1 and * H ’ agglutinins m immune rabbit so a and ‘ 0 ’ 
agglutinins in the setum of a typhus feva patient 


Scrum 

1 Agglutination 
v\ ltb strain 

Tvj>o of 

agglutination 

Title of agglutination and the percentage 
that remains after heating tho sera in a 
dilution of 1 in 20 foi 00 minutes at 




00° 

00° 

05° j 

| 70° 

i 

75° 

Babbit scrum X19 0 

X19 0 

‘0’ 

1 

| 

1 10,240] 
100 

1 

1 10,210 
100 

i 

A 20 
0 

I 20 
^ 0 

I 20 
^ 0 

Bablut serum X19 H 

X19 H 

‘H’ 

i 

i 

1 9 120 j 
100 1 

1 5,120 
100 

1 2,500 
50 

] 20 

0 4 

O 

<N 

© 

rH 

V 

Typhus fever patient’s 
serum 

X19 0 

‘0’ 

1 040 
100 

1 SO 

12 5 

1 20 
^ 0 

„1 20 
0 

1 20 
0 


It is thus apparent that the 0 ’ agglutinins in typhus fever serum are more 
thermolabile than the ‘ H 5 agglutinins m the rabbit immune serum, having been 
greatly reduced m titre at G0°C and completely destroyed at G5°C m one hour 
Of the immune agglutinins— produced m the blood of rabbits by inoculation with 
cultures of Proteus X19— the ‘ 0 1 agglutmms unlike the ‘ 0 5 agglutinins in typhus 
fever serum show no reduction m titre at GOTJ , although like the latter they, too, 
are destroyed at 65°C in one hour The ‘ 0 J agglutmms m typhus fever Velum 
are thus considerably less heat-resistant than the ‘ 0 ’ agglutmms m the rabbit 
immune serum The ‘ H 5 agglutmms m the immune rabbit serum, on the other 
hand, are much more thermostabile, a temperature of 75°C for one hour beam 
necessary for their inactivation b 

The differences m the heat resistance of the ‘ 0 ’ and 1 H 5 agglutmms may be 

Zf.r, “ ' ab0Iat01 l P ractlee fOT distinguishing between typhus fever 

and infections caused by organisms of the Proteus group Wadsworth (19271 
states that sera from typhus cases when heated to from 56°0 tn ws°n u 

cultures of In view of the resnlf 
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be necessary to carry out the Wilson-WeiJ-Fela. reaction with the serum heated 
to 65°G for one hom, m addition to the usual test with the unheated serum 
An evidence of thennolubihty would bo legaided m favour of a diagnosis of 
typhus fevex 

The com paw live value of ihffaent hmh of bacillaiy suspensions of Proteus 
XI 9 0 in the Wihon-Wcil-Fehx reaction 
Sonic ivoikeis liavc lecommcndccl suspensions of XI 9, killed and preserved 
with phenol or iortnahne, for use in the Wilson-Weil-Fehx reaction , others have 
noted the partial inhibition of the reactions m the presence of the antiseptic and 
recommended the use of living cultures as being more sensitive To avoid the 
inconvenience associated with the use of living cultures Bien (1924) prepared an 
alcoholic suspension This has been reported as satisfnctoiy by Felix (1930) ivho 
suggests its use eifhei ns a control with the living culture or as the only reagent 
when the lattei is not available Gmdnci (1929) has used the alcoholic method 
for the prepaiation of ‘ 0 ’ suspensions of Bacillus typhosus foi flic Widal test and 
reports satisfactory results 

In this investigation the bclmvioui of 5 t} pcs of bacillar) suspensions — the 
living, the heat killed, the foimah/ed, the caiboh/ed and the alcoholic — was studied 
both with respect to t) pirns seium and the immune rabbit X19 0 scrum The 
beat killed suspension was piepaied by heating a snhne suspension of a 24-lioui 
agai cultuie of X19 0 to 00°C for 1 hour The formalized w r as prepared by the 
addition of 0 3 pei cent of fonnaldcdi)de to a subnc suspension of the organism, and 
keeping it in the ice-chest foi tlncc days In the caiboh/ed suspension the organisms 
weie suspended m normal salt solution containing I pci cent phenol and stored 
m the ice-chest foi tlncc days The alcoholic suspension was prepaied by inocula- 
ting a Blake bottle of agai wulh 1 c c of a 24-lioui bioth culture of the organism — 
X19 0 — and incubating foi 24 to 48 bouis at 37°C The growth was washed oft 
with 40 c c ot normal salt solution containing 0 5 pei cent phenol, and 20 c e of 
absolute alcohol w'cic giaduall) added, while the mixture was stiricd with a glass 
iod The suspension was allowed to stand foi 24 hours at 37°C foi the deposition 
of solids At the end of that time the supernatant fluid w as poured oft into a sterile 
bottle At the time of use the density of the diffeient suspensions was adjusted 
to McFarland’s nephelometei tube Xo 5 

The results obtained by using the chfteicnt kinds of bacillaiy suspensions with 
typhus serum and the rabbit immune X19 0 serum are show'll m Table III 

These results indicate that a living saline suspension of Pioleus X19 0 is the 
most sensitive for the Wilson-Weil-Fch\ reaction Next m order of sensitivity 
are the alcoholic, the carbolucd, the heat killed and, lastly, the formalized which 
is the least sensitive of all 



Table III 

The agglutinative value of different kinds of bacillary suspensions of Proteus Z19 0 
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For use with immune sera the living, the alcoholic, and the heat killed suspen- 
sions are about equally satisfactory Next comes the formalized and last of all 
the caibohzed which is comparatively much less sensitive 

It may be mentioned here that the results of agglutinations with the alcoholic 
suspension arc a little difficult to lead, the end points of the reactions being not so 
well defined and clear cut as with the living suspension 

It is, theiefoie, obvious that foi routine laboratory use m the diagnosis of 
typhus fevei a living saline suspension of a 24-hour agai culture of Proteus X19 0 
is the most suitable one to employ Of the preserved suspensions reliable results 
can only be obtained with the alcoholic suspension 

Summary and conclusions 

1 The history of the Wilson- Weil-Fchv reaction v as discussed and the 
reaction was earned out with the seia of 4 typhus patients on all the strains It 
was found that X19 0 and Stinin D weie the most suitable for this purpose 

2 The effect of heat on the ‘ 0 ’ agglutinins m typhus fever serum and the 
‘ 0 ’ and * IT ’ agglutinins m immune rabbit sera was studied It was found that the 
‘O’ agglutinins in typhus fevei seium unlike the ‘O’ agglutinins m immune 
labbit seium aic gieatly reduced m title at G0°C in 1 hour Both are, however, 
destioyed at 0D°C' The ‘ II ’ agglutinins m the immune rabbit serum, on the other 
hand, aic much moie heat icsistant, a tempciatuic of 7D°C being necessary for their 
complete inactivation To distinguish between typhus fever agglutinins and 
agglutinins due to infections with oigamsms of the Proteus gioup it is suggested 
that the WiIson-Weil-Fch\ leaction be earned out with the indicated serum and 
the seium heated to 65°C for one houi An evidence of thcrmolabihty to be 
considered in favour of a diagnosis of typhus fevei 

3 A comparative study' of the value of diffeient kinds of bacillary suspensions 
of Proteus X19 0 in the Wilson-Wed-Fehx reaction and foi purposes of 
agglutination with rabbit immune sera was made A living saline suspension of 
a 24-hoiu agai culture of the organism is considered the most suitable for routine 
laboratory use m the diagnosis of typhus fever Of the preseivcd suspensions 
the alcoholic is the only' one winch gives reliable icsults 
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It has been the practice m India, to use, in the determination of basal meta- 
bolic rates, one or the other of the normal standards of Aub and Du Bois, Harns- 
Benedict and Dreyer, for comparison, and pronounce the rates to be above or below 
normal These standards were based entirely on the determinations made in 
America, and E E Du Bois m his * Basal Metabolism m Health and Disease 5 
observes ‘ we know rather httle about the differences in the metabolism of different 
races and, as a matter of fact, almost all the determinations that we have used 
have been made in America or Germany ’ 

Having regard to the climate of India, and to the well recognized differences in 
race, general physique and diet of the people, it is of great importance that basal 
metabolic determinations should be made exclusively in this country, m different 
areas on a number of normal men and women of different ages, and that standards 
applicable to India be laid down, so that real variations m disease and other 
abnormal conditions may be known An individual in this country mav show a 
basal metabokc rate which varies plus or minus 10 per cent from the predicted 
normal according to the western standard, and yet be normal 

There seems to be no unanimity m the adoption of any particular standard 
even m the West In America Aub-Du Bois’ standard is favoured In Geimany 
and other parts of the continent Harns-Benedict’s prediction tables are preferred, 
and m England Dreyer’s figures are employed as a rule August Krogli observed 
m 1923 £ the Harns-Benedict prediction tables for basal metabolism are, ownm to 
their statistical nature, less rehable for persons of exceptional build or higher am 
The Du Bois method gives results which on an average are too high (4 per cent "or 

( 831 ) 
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more), but, less likely to fail on exceptional subjects ’ According to E F Du Bois, 
the Dieyei’s method possesses no material advantage over the Harris-Benedict’s, 
and repoi ts on adults aic bcttei made according to both the Sage and Harns- 
Bencdict standaids Giafe, one of the most experienced investigators, 
avciaged the two August Krogli (1925) modified Aub-Du Bois figures by making 
a umfoim reduction of 6 pei cent J T King, m Ins monograph on basal 
metabolism, observes that workers in metabolism would do better to select 
normal standaids for then use, from observations made under conditions as 
nearly as possible similar to those uiidei which they plan to work 

So far as I could gatlici from the literature available, very little work has been 
done in India to indicate the piobable standards of basal metabolism for Indians 
Mukherjee in 192G, in a brief note, icpoited m the Journal of Amcncan Medical 
Association that the basal metabolism of fifteen Bengali medical students averaged 
9 per cent lower than the generally accepted standards, and again he and Gupta 
leport m the Indian Journal of Medical Research (January, 1931) that the basal 
metabolism of eighteen Bengali men from 20 to 29 years of age averaged 13 3 per 
cent lowei than the Du Bois standards Sokhej in 1927 reported at the Seventh 
Congiess, Fai Eastern Association of Tropical Medicine, that fifteen of Ins subjects 
at Bombay showed a basal metabolic rate 10 to 23 per cent lower than the 
Du Bois standards 

So, with a view to make a beginning m the finding of normal standards for 
South India, data were collected, on 7G men and women of ages ranging from 18 to 
25, coming from different districts The subjects were all medical students who 
were having or had had a coin sc of lectures on the subject of metabolism, and so 
were acquainted with the apparatus and the conditions necessary for an accurate 
determination It is said that the science of metabolism has been founded on the 
very bodies of medical students and ph) siologists and, as a matter of fact, they are 
the persons wdio aie readily available for such mvestigations and serve as normal 
contiols 

The basal metabolism determinations were made in the mornings between 
8 and 10am, 14 to 18 hours or even 20 hours m a few 7 cases, after the last meal, the 
subjects having had according to instructions an evening meal at 6 pm or earlier 
and no breakfast next morning till the basal metabolism determinations were made 
All the subjects w 7 eie eithei carried by cai fiom then residences to the Laboratory 
m the morning or weie asked to spend the night at a convenient place wdiere the 
determinations could be done in the morning Befoie each determination, complete 
musculai relaxation by lying dow'n on improvised cots for 30 to 45 minutes was 
insisted upon It was observed that theie w 7 as no appreciable difference in the 
results whether the method adopted, to secuie the subjects for the determinations 
was ambulatory oi retention overnight at the place where the tests w 7 eie made, so 
long as 30 to 45 minutes’ rest was given befoie the determination 
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Tluce determinations weic made m each case on two different days, tho second 
and the third having been made on the same day, as there was difficulty in securing 
the subjects under basal conditions on more than two different days 

Apparatus used was the latest model of Benedict-Roth’s with rubber flutter 
valves and with the Collin’s Kymograph attachment In this apparatus, the bell 
has a standard capacity of 20 73 c c per mm of height This amount of oxygen 
(at the average calorific value of 4 825C per litre with R Q 0 82) equals 0 1C 
Therefore 1 mm fall in G minutes represents 1C per hour, subject to the normal 
standaid corrections for tcmperatuic, pressure and moisture Tests for leaks and 
unabsorbed carbon dioxide m the bell were often made 

The body surface in all cases was computed from the charts devised by Aub- 
Du Bois based on height-weight formula 
A = Wo «xH« '25 x 7x 84 

In a few cases (Table X), the old Meeli’s formula was used just for comparison 
with the results obtained by the more accurate Du Bois’ formula It is found that 
the Meeli’s formula [A=0 123X 3 (body-weight in kg ) 2 ] gives more constant results, 
though a larger body surface and a lower basal metabolic rate per sq m per hour 
About 230 basal metabolism determinations were made on 76 men and women 
(three tests on each subject) of 18 to 25 years of age and the results 
are embodied in Tables I and II Table I represents the minimum of three 
observations on each subject with the deviations from the Aub and Du Bois 
Harns-Benedict and Dreyer’s standards Table II represents the average of the 
three observations on each subject witlr the deviations from the standards 

Table I 

Basal metabolic rate of normal young men and women 
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150 

77 

46 4 

1 3S 

31 5 

-15 0 

-17 6 

-17 3 

76 

22 

F 

15G 

81 

50 9 

1 49 

32 0 

-120 

-12 1 

-12 0 

70 

23 

F 

150 

74 

35 0 

1 23 

30 2 

-20 0 

-193 

-17 3 

72 

23 

F 

150 

76 

49 1 

1 42 

15 6 

- 35 

- 53 

- 58 

73 

23 

F 

151 

79 

56 4 

1 51 

31 0 

-16 0 

-17 7 

-190 

74 

23 

F 

102 

83 

50 0 

1 52 

30 0 

-19 0 

-17 5 

—16 2 

71 

23 

F 

163 

86 

46 4 

1 47 

29 5 

-20 0 

-19 3 

-17 3 

75 

24 

F 

150 

77 

38 7 

1 27 

34 2 

- 70 

-12 1 

_ 8 S 
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Table II 


Basal metabolic late of nonnal younq men and women 
(Aveiagc of three readings as a rule ) 


Number of subject : 

Age 

Years 

Sex 



Weight in kilo 

Body surface sq m 

Basal metabolic rate 
per sq m per hour 
Cal 

Deviations or actual 
from rnEDicTFi) ter cent 

Standing 

1 

Aub-Du Bois 
standard 

Harris-B e n e 
diet’s standard 

D r o y e r ’ s 
standard 

6 

18 

M 

167 


52 5 

1 59 

40 5 

- 1 7 

2 1 

- 03 

16 

18 

M 

166 

89 

57 0 

1 63 

41 3 

05 

42 

08 

17 

18 

M 

162 

76 

36 5 

1 27 

42 6 

4 1 

7 6 

14 

33 

18 

M 

172 

88 

54 0 

c* 

CO 

40 6 

- 13 

27 

2 1 

13 

19 

M 

175 

91 

46 0 

1 55 

45 9 

11 9 

18 1 

19 6 

15 

19 

M 

156 

83 

50 2 

1 48 

39 6 

- 33 


- 60 

22 

19 

M 

163 

85 

48 0 

1 49 

33 6 

-18 0 

-15 0 

-17 5 

40 

19 

M 

166 

88 

54 1 

1 59 

36 8 

-10 2 

- 69 

- 90 

47 

19 

M 

178 

91 

45 4 

1 56 

39 5 

-3 6 

20 

42 

48 

19 

M 

170 

88 

49 1 

1 56 

33 5 

-18 2 

-14 0 

-14 7 

1 

20 

M 

170 

88 

66 2 

1 64 

38 5 

- 25 

- 20 

- 25 

8 

20 

M 

164 

84 

56 0 

1 60 

42 7 

80 

7 9 

48 

12 

20 

M 

167 

90 

50 2 

1 56 

42 0 

60 

80 

61 

26 

20 

M 

169 

86 

50 8 

1 58 

36 0 

- 98 

- 73 

- 85 

27 

20 

M 

177 

86 

52 7 

1 64 

41 3 

4 1 

57 

7 1 

28 

20 

M 

159 

81 

445 

142 

34 9 

-11 4 

-11 1 

-14 4 

29 

20 

M 

174 

92 

53 2 

1 56 

38 8 

- 12 

- 38 

— 3 3 

30 

20 


171 

88 

54 0 

1 63 

35 2 

-10 7 


— 10 4 

43 

20 

M 

171 

83 

60 0 

1 70 

39 0 

- 1 7 

- 1 7 

- 20 
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Table II— contd 


Number of subject* 

Ago i 
Years 

i 

i 

! 

1 Sox 

i 

! 

> 

i H FIOJIT 

IN OM 

! 5 

( 

S 

1 5 

to 

5 

' 

£ 

I ° t* 
a g 

Deviations of actual 

PROM PREDICTED TER CENT 

Standing 

1 

to 

c 

CO 

c 4 

IT 

© 

O 

C3 

u 

SJ 

07 

j ■§ 

1 53 

1 O , 

, — t-t 

2 8. 

1 e 
2^ 

— m 03 

1 C3 u ~~ 

i 2 o cs 

Aub-Du Bois’ 
standard 

4*8 

CQ 

» to 

2 © 

U 

W-o 

D r e y e r ’ s 
standard 

G 

' 

21 ! 

t 

M 

1 

! loi i 

85 

11 1 

1 

1 

l 

1 

1 1 48 

I 

1 37 0 

- 07 

- 50 

- 8 1 

11 

21 * 

M 

! ico 

87 

1 44 1 


| 34 2 

-110 

-12 5 

-14 0 

10 

21 

M 

1GG 

S') 


1 58 

J 31 8 


-10 9 

-127 

20 

21 , 

M 

107 , 

80 

51 0 

1 01 

| 35 9 

j - 00 

- 7 5 

- 91 

25 

21 

M 

185 

08 

72 0 

1 05 

37 2 

j — 5 9 

— 5 4 

- 14 

,11 

' 21 

M 

101 

81 

CIO 

1 58 

1 37 9 

- 43 

- 33 

- 60 

3G 

21 

M 

ICO 

1 80 

| 51 ,1 

1 52 

j 30 3 

- 00 

04 

- 3 7 

,)S 

21 

M 

I 101 

i 85 

1 48 7 i 

1 51 

| 30 3 

- 0G 

07 

- 20 

45 

21 

M 

, 170 

j 80 

j 53 1 

1 01 

1 35 2 

-11 0 

- 90 

-10 2 

50 1 

21 

> M 

10 i 

St 


1 52 

, 37 1 

- G 1 

-4Sj 

- 75 

51 i 

21 

j M 

1GS 

82 

I 45 4 

1 CO 

32 5 

-17 3 

-15 G 

-10 5 

r.o 

! 21 

I 

' nr 

I 171 i 

88 


1 81 


H ! 

20 

20 

10 

22 

M 

; 

105 

87 

4S S 

1 52 

37 4 


j - 35 

- 55 

it 

22 

M 

100 1 

l 88 

55 7 

1 02 

35 2 


- 95 

-113 

21 

22 

M 


81 

50 7 

1 50 

j 34 0 


-10 2 

-118 

2,1 

22 

M 


85 

54 S 

1 0? 




23 

15 


M 

1 

wo 

85 

15 4 

1 44 j 

40 0 

I 3 


- 03 

tl 



172 

81 

47 5 

1 54 

37 5 

- 50 


- 2 1 

Cl 


M 

172 

01 

50 8 


32 8 

-10 7 

-15 8 

-10 0 

52 


M 

161 

82 

50 0 

1 50 

14 8 

-12 0 

-11 0 

-14 1 

54 



164 

80 

54 1 

1 58 

34 3 

-13 0 

-12 1 

- 14 4 

00 

22 

M 

ISO 

90 

57 7 

1 73 

31 1 

—21 2 

-19 7 

-17 6 

32 

22 , 

M 

165 

| 

80 

COS 

1 55 

37 5 

- 50 

- 04 

- 30 
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Table II — contd 


Number of subject 

Age 

Years 

Sox 

Height in cm 

Weight in kilo 

Body surface sq m 

Basal metabolic rate 
per sq m per hour 
Cal 

Deviations of actual 

FROM PREDICTED TER CENT 

Standing 

Sitting 

Aub Du Bois’ 
standard 

Harris-B e n e- 
dict’s standard 

D r o y e r ’ s 
standard 

2 

23 

M 

170 

85 

50 7 

1 58 

33 5 

-15 4 

-13 0 

-13 1 

3 

23 

M 

164 

87 

47 0 

1 49 

35 2 

-10 7 

- 84 

-10 5 

4 

23 

M 

1G0 

S7 

02 0 

1 65 

41 9 

6 1 

60 

28 

24 

23 

M 

173 

93 

01 0 

1 73 

35 4 

-10 3 

- 9 1 

- 83 

31 

23 

M 

163 

84 

50 8 

1 53 

35 5 

-10 1 

- 83 

-10 8 

37 

23 

M 

160 

87 

52 0 

1 53 

43 3 

10 8 

11 1 

7 2 

39 

23 

M 

173 

88 

65 0 

1 78 

36 0 

- 74 

- 63 

- 63 

42 

23 

M 

161 

84 

46 8 

1 47 

37 3 

- 58 

- 34 

- 64 

44 

23 

M 

170 

S4 

50 9 

1 58 

36 6 

- 73 

- 62 

- 52 

46 

23 

M 

165 

81 

57 2 

1 62 

36 1 

- 86 

- 77 

- 96 

55 

23 

M 

163 

87 

,63 2 

1 68 

33 3 

-15 8 

-15 8 

-17 8 

56 

23 

M 

176 

85 

61 4 

1 75 

31 1 

-21 2 

-20 0 

-18 7 

57 

23 

M 

174 

92 

80 9 

1 96 

44 1 

11 6 

96 

12 0 

61 

23 

M 

174 

85 

46 4 

1 54 

34 7 

-12 4 

- 97 

- 82 

7 

24 

M 

169 

84 

51 5 

1 59 

33 S 

-14 7 

-117 

-12 0 

9 

24 

M 

161 

84 

52 0 

1 53 

33 5 

-15 2 

-12 0 

-16 3 

18 

24 

M 

166 

85 

60 2 

1 68 

397 

04 

2 1 

1 0 

49 

24 

M 

159 

84 

46 4 

1 44 

39 5 


21 

- 17 

58 

25 

M 

157 

81 

50 0 

148 

37 4 

- 64 

- 28 

- 72 

65 

19 

F 

159 

79 

51 8 

151 

31 6 

-16 5 

-15 1 

-16 0 

66 

20 

F 

153 

80 

40 5 

1 33 

28 6 

-22 5 

-26 7 

-23 5 

62 

21 

F 

154 

79 

16 4 

141 

29 1 

-21 1 

-23 2 

-22 6 
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Table II — concld 


* 

Number of subject 

Ago 

Years 

Rok 

Height 

IN CM 

Weight m kilo 

£ 

cr 

CO 

o 

o 

cS 

<H 

u 

s 

£ 

o 

Bnsal metabolic rate 
per sq m per hour 

Cal 

Deviations of actual 

FROM FKEDICTED TER CENT 

Standing 

Sitting 

Aub-Du Bois’ 
standard 

6 ’2 

© e 

S tr 

£ ^ 

3 o 

D r e y, o r ’ s 
standard 

Gt 

21 

F 

no 

80 

40 7 

1 35 

34 0 

- GO 

—10 5 

- 99 

G7 

21 

r 

140 

71 

37 3 

1 20 

01 8 

-13 8 

-218 

-19 0 

G8 

21 

F 

101 

83 

07 0 

1 34 

00 7 

- 87 

-10 8 ! 

- 52 

GO 

22 

r 

150 

! 77 

50 2 

1 47 

314 ] 

-19 3 

-21 2 

-22 2 

GO 

22 

l 

150 

77 

40 4 

1 OS 

03 1 

-10 4 

-130 

-13 2 

70 

22 

m 

150 

SI 

50 0 

1 40 

33 8 

- 89 

- 02 

- 90 

70 

20 

D 

150 

74 

05 0 

1 20 

01 5 

-15 0 

-19 9 

-13 6 

71 

23 

SI 

100 

80 

40 4 

1 17 

31 G 

-14 9 

-13 8 

-11 7 

72 

23 

F 

150 

7G 

49 1 

1 42 

35 7 

- 07 

- 03 

- 63 

70 

20 

F 

m 

70 

50 4 

1 51 

31 7 

-14 2 

— 16 0 

-17 2 

74 

20 

m 

1G2 

80 

50 0 

1 52 

00 0 


-175 

-16 2 

77 

24 

H 

150 

77 

08 7 

1 27 

05 8 


- 80 

- 36 


Tables III and IV lepiesent the summaries of the results shown m Tables I 
and II for men and women according to ages and, m addition, the deviation 
from Krogh’s modification of Du Bois’ standard The results of numbers 8, 13 
and 37 are not included in the summaries owing to the wide deviations from the 
calculated average, probably caused by some unsuspected illness or a high 
protein diet 

It would be seen that the figures m Table III, based on the minimum of 
three readings, stand at a lowei level than the figures in Table IV based on 
the average of the three readings According to Du Bois, the lowest two tests 
which agree closely represent the true basal Maeleod and Bose (1925) 
selected their lowest observation of basal metabolism as the true basal value 
Paul Roth says ‘ In a series of tests made the same day or within a few 
days all conditions being equal, the lower basal rates obtained should always 
be considered as probably the more correct ones With good technique, it 
is next to impossible for any subject to develop a rate lower than his true 
basal rate, while it is obvious, that m any case whether the results are 
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Tabll I\ 

Summary of basal metabolic rate determinations on 73 young men and women according to ages 

(Taking the aveiage of three readings as a rule ) 
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Basal Metabolism of Young College Students in Madras 


Btflcronrc between mon and 
v onion per cent 

to © Cl o to 

cc >o ci co »-< ci 

e~» Cl r-H «— < 

1 1 i 1 1 1 

— 120 

— 12 0 

y 

w 

o 

a 

** 

fc> H 

Sfi 

^ O 

Ui M 

o ® 
w 

y A 

2 D 

H W 

w a 
p w 

H g 

3? 

« C 

gg 

K rogb’fl standard 

-14 3 

-19 2 

- S 6 

- 6 2 

- 82 

28 

CO 

CO 

1 

Ilreyer’s standard 

O e-1 CO O © 

© -V -M CO 

rH Cl r*** »-H r*H 

1 1 I 1 1 ! 

© 

c<* 

H 

1 

Harris Benedict's 
standard 

■HUAI 

10 

7 

Aub Du B o i s 
standard 

*o >0 O O -* — f 

co ci 01 ri c*' 

•— < ^-4 pH p-H 

1 i 1 1 1 1 

ri 

eo 

7 


Average basal metabolic 
rate per sq m per hour 
Cal 

CO CO CO co CO 

r-i cr n ci ci >o 

C* ^ CO c* cc 

CO « 

Cl Cl 

CO CO 


Number of cn^cs done 

— r*H -A C"' tC r-« 

!~ «+ 

a 

a 

«- 

?> 5 : 

o w 
^ o 

t» H 

O 63 

o a 

S w 

5 H 

u 2 

II 

w * 
o ^ 

3| 

*3^ 

Ivrogb’s standard 

Cl CO t- Cl Cl Cl 

10 l* CO lO Cl 

! 1 ! 1 ! 

0 c* 

C~ $A 

1 I 

Droycr’s standard 


t-p o 

co r- 

i i 

Hams Benedict’s 
standard 

UMMMIIM 

Aub-Du Bois’So o « r* o co i- o 

standard 1 1 1 1 1 1 1 

i 

mn 

Average basal metabolic 
rate per sq m por hour 
Cal 

©©OICOOC*©-** 

<— '©co©io©©t'« 
^coc^eocoo^coco 

t- i- 

© CO 

CO 

Number of cn^es done 

lO 00 Cl r-4 CO ^ f-t 

HH f— | rH 

cr o ^ 

m io 

Age 

Year 3 

OOOO^CICO^IC 

I-H <M «m <M Cl Cl Cl 

Average 

Average for 
20-25 

Average for 
19-25 
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Ini’ll 01 low, tlicie is alwavs nn cnsv chance foi the rate observed to be higher 

tD 5 * v 

than the tine basal ’ 

In view of the above observations which aic quite true, figures in Table III 
only will be used foi furthei discussion m this papci and companson with the 
Western standards 

Basal metabolism ?» men — The basal metabolic rate iccorded for age 18 in men 
is 39 80 per sq m pci lioui This rate stands at a much higliei level than the 
rates recorded for ycais 19 to 25, deviates only by 3 per cent from Aub-Du Bois’ 
standard and is above the Harns-Bencdict, Droyer and Kiogli s values by 0 6, 2 3 
and 10 pei cent respectively But as the figure is based on determinations on 
foui subjects only it cannot repiesent the tine late for the age 18 in this country 
The rate would probably be less if a laigei number of subjects be used 
However, the late recorded indicates that basal metabolism at the age of 18 
stands at a high level and there is a distinct loweung of the basal metabolism 
after 18 

For age 19, the average basal metabolic late is found to be 34 6C which is 
very low when compaied with the rate for age 18 But again, as only five subjects 
of 19 years of age were used, the rate is not established It is probable that the 
rate would be higher if a larger numbci of tests be done 

For age 20, eight subjects weie used, and the rate is found to be 36 GC After 
the distinct lowering of basal metabolism after the 18th ) ear, it is not probable 
that there would be much difference m metabolism in the 19th and 20th 
years of life, and so if an average of the determinations on all subjects (13) 
of 19 and 20 years of age be taken, the rate would be 35 8C per sq m per 
hour Tins would represent moie oi less the true basal metabolic rate for 19 
and 20 years of age 

For age 21, determinations were made on 12 subjects, foi age 22, on 11 subjects, 
and for age 23 on 13 subjects and the average basal metabolic rates calculated are 
35 1C , 34 OC and 34 1C respectively per sq m pei hour These rates may be 
considered to be more or less established as they are based on determinations on a 
larger number of cases 

For ages 24 and 25, the subjects weie again few and the results cannot be taken 
to represent the true averages, but as the basal metabolism at these ages will not 
differ much from the metabolism at 22 and 23 years of age, a probable rate 34 0C 
may be safely predicted 

Judging from the results for ages 19 to 25, and having noted the basal 
metabolism at 18 to be at a high level, the rate for the age 18, may also be predicted 
to be about 37 0C per sq m per hour, which would be 1 20 above the rate for 

O rrct IQ ° J-UA 
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So the basal metabolic rates foi ages 18 to 25 actually calculated or predicted, 
and applicable to South India, may be laid down as follows — 


Ago 

Years 

Du Bois’ standnrd 
Cal 

Krogh's standard 
Cnl 

Basal metabolic rate per sq m 
per hour 

Cal 

, 

18 

41 0 

30 4 

37 0 

predicted 

10 j 

41 0 

13 8 

I 

33 8 

observed 

20 

30 ") 

38 2 

35 8 

: 

»> 

21 ] 

30 r, 

38 2 

; 

3 j 3 


22 

30 r> 

37 0 

34 0 

♦ ♦ 

21 

30 0 

37 0 

34 0 


21 

30 r » 

« 

37 1 

34 0 

predicted 

25 

30 r » 

37 4 

34 0 

» 

Avcrago 

39 8 

38 1 

34 90 


Average dec mtion from Du Bois’ standard ] 2 1 per cent 

, „ „ Krogh’s , 8 2 „ 


The basal metabolic rates could be given m more rounded figures and adjusted 
as below — 


\ge 

Years 

Du Bois’ standard 
Ctd 

Krogli’B standard 
j Cal 

Basal metabolic rates applicable 
in South India per sq 
m per hour 

Cal 

18 

41 0 

1 50 4 

1 { 

37 0 

19 

11 0 

38 S 

3G0 

20 

50 3 

38 2 : 

35 5 

21 

to 3 

38 2 

35 0 

22 

30 3 

37 9 

34 5 

23 

39 5 

37 0 

34 5 

24 

39 5 

37 4 

34 0 

23 

39 5 

37 4 

34 0 

Avcrago 

j 39 8 

38 1 

35 0 


Average deviation from Du Bois’ standard 12 0 per cent 

„ >, Krogh’s „ . 8 1 „ 
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The nvcinge foi ages 19 to 25 according to the piedirtion woiks out to be 34 8C 
per sq m pci hour, which is the same as the calculated average in Table III, and the 
average for ages 18 to 25 to be 35 OC pci sq m per hour This average deviates 
—12 per cent fiom Aub-Du Bois, — 10 8 pei coni from Hams-Bencdict, — 11 9 
per cent from Drcyer and — 8 1 pci cent fiom Krogh’s modification of Du Bois’ 
standard 

Excluding cases Nos 8, 13 and 37, the basal metabolism results calculated range 
from —25 6 pci cent to 2 8 per cent (Du Bois), fiom —24 1 per cent to 2 1 per cent 
(Harns-Benedict) and from —26 5 pei cent to 3 8 per cent (Drcyer) The maximum 
individual variation from the average basal metabolic rates for 19 to 25 years is 
found to be 16 6 per cent or — 15 5 per cent (Table Y) 


Tahuk V 


Summary of basal metabolic late dele) mutations on 73 young men and women 
showing maximum deviation fiom aveiage 
(Taking the minimum of three leadings as a rule ) 



AIen 

Age 

Years 

Number 
ol cases 
done 

Basal 
metabolic 
rates per 
hour 
per sq m 
Cal 

Maximum deviation 
from average 
per cent 

18 

■4 

°.9 8 

5 5 

Ol 

- 40 

19 

5 

34 6 

13 9 

»> 

- 9 5 

20 

8 

36 6 

9 0 

, 

— 13 9 

21 

12 

35 1 

10 0 

♦ * 

12 2 

22 

11 

34 0 

12 6 


-13 2 

2} 

n 

34 1 

19 0 


-12 0 

21 

4 

34 0 

11 7 


'ft 
-15 7 

25 

1 

36 5 




20-25 

49 

34 8 

16 6 

or 

— 15 5 

19-25 

54 

34 8 

16 6 


-15 5 


\\ OMFN 


Numbci 
of cases 
done 

Basal 
metabolic 
rates per 
hour 
per sq m 
Cnl 

Maximum deviation 
from average 
per cent 

1 

31 6 


1 

26 8 


4 

30 7 

10 7 or — 7 2 

3 

31 3 

ft*- 

1 

00 

5 

31 3 

13 7 , - 5 7 

1 

34 2 


14 

31 0 

14 8 or —13 6 

15 

31 0 

148 „ —33 Q 
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Of all the average deviations, those from Krogh’s standard (reduced Du Bois’ 
standard) are the lowest and those from Aub-Du Bois and Dreyer’s are the highest 
and practically similar 

Since the Aub-Du Bois’ values, though high, are morem common use and have 
been used invariably for comparison by workers on metabolism m the West, I need 
refer only to the deviations from Du Bois in further discussion Moreover as August 
Krogli observed, Harris-Bencdict tables are less reliable for persons of exceptional 
build This is well illustrated m one of my cases, No 57, who was rather obese, 
weighing 80 0 kilos and had a body surface of ] 9G sq m In this case the deviation 
was 2 8 per cent above Du Bois but only 0 9 per cent above Harns-Benedict Again 
in cases Nos 4, 8, 25, 43, 55 and 59, Ha ms-Benedict deviations are practically 
the same as or a little more than Du Bois, though in average subjects the Hams- 
Bcncdict values are lowci than Du Bois oi Dreyei’s values 

Basal metabolism in women — Only fifteen women students (19 to 24 years) were 
available, one each of 19, 20 and 24 years of age and 3 to 5 cases each of 21 22 and 
23 years of age The average basal metabolic rate for ages 21 to 23 (12 subjects m 
all) is calculated to be 31 1C per sq m pel hour and this may be taken as the 
probable aveiage foi those rears The general average calculated for all the 
fifteen subjects is 31 0C (Table III) In view of the low metabolic rates recorded 
for all the ages except in case of age 24, the rates for years 19 to 25 may belaid 
down as follows — 


Ago 

Years 

... 

Bafial metabolic 
rate predicted 

Cal 

^ Kroch’s standard 

Cal 

| Da Bois’ standard 
i Cnl 

1 

19 

32 0 

35 9 

1 

38 0 

20 

31 5 

35 4 

1 37 0 

21 

31 r, 

35 4 

37 0 

22 

31 0 

35 0 

S7 0 

23 

31 0 

35 0 

37 0 

24 

30 5 

34 8 

37 0 

25 

30 5 

34 8 

37 0 


This would give an aveiage of 31 20 showing a difference of 10 per cent from 
the figures for men m South India, and a deviation of — 16 0 per cent from Du Bois, 
—18 0 per cent from Harns-Benedict, — 17 0 per cent from Dreyer and — 12 5 per 
cent from Krogh’s standards 

In Charts 1 and 2 the level of basal metabolism and the variation according to 
age of the predicted values for men and women m South India, as compared with 
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tlic Aub-Du Bois and Krogh’s values are graphically represented Charts 3 and 4 
show graphically the variation of basal metabolism according to weight and body 
surface m South India as compared with Aub-Du Bois and Krogh’s variations 
No correlation between pulse rate and basal metabolism was found 

Discussion — The deviations from Du Bois’ values for men and women have 
been found to be — 12 per cent and — 1G per cent 

In 1923, August Krogh found the Du Bois’ results on an average too high and 
m 1925 published Du Bois’ tables with a uniform 6 per cent reduction 

According to E F Du Bois (1927), Aub and Du Bois’ standards of 1917 are 
6 per cent too high F G Benedict believes that the present standards for American 
women arc approximately 5 pel cent too high 

Blunt and Dye (1921) studied 17 women between 24 and 44 years and found 
the figures averaged 4 1 per cent below the Harm-Benedict’s and 6 5 per cent below 
the Aub-Du Bois' standards Macleod and Bose studied 92 normal women between 
the ages of 20 and 50 )cars and the figures averaged 4 4 per cent below the Hnrns- 
Bonedict’s and 8 G per cent below the Aub-Du Bois’ values 

So, on an average, if the Du Bois’ values aTc considered to be G per cent too high 
for Americans themselves w t c have still to account for — 6 per cent and — 10 per cent 
deviation in case of men and women respectively of South India 

The question whether the variation of bnsal metabolism m different parts of 
the woild is due to mcial differences has been investigated by several workers 
Benedict and lus collaborators showed that, the basal metabolic rate of a group of 
Oriental students living for a considerable time in Chicago under absolutely 
Western conditions w r us distinctly below Western standards Macleod, Crofts and 
Benedict (1925) studied 7 Chinese and 2 Japanese wrnmen students who were 
in New York climate for 15 months The basal metabolism was 10 4 per 
cent below Harris-Benedict and 10 2 per cent below the Rage standards But 
as the standards w r cre 5 pci cent too high for American women themselves, 
the Orientals w r ere still 5 pei cent below But Eijkmann (1896) working m 
far off Batavia could find no significant change m the basal metabolism of 
Malayan servants and the Europeans living m Batavia A Ozario de Almeida 
(1920) working in Brazil found the basal metabolism of the white men averaged 
24 per cent below m one senes and in another 1G 2 per cent below the Amencan 
standards and that of the Negro labourers was 8 per cent higliei than the 'Whites 
but still below the figures m temperate zone According to him, the basal 
metabolism depends not on race but on muscular work, level of food lntake-and 
the climate 

Knippmg and Fleming (1923) working independently found the basal metabolism 
of Europeans, Malays and Chinese living for a long time m the tropics averaged 
6 3 and 8 3 per cent belo'w the Benedict’s standards Fleming also noted m the 
Philippines that one American, whose basal metabolism was 3 per cent below the 
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standard, showed, on arrival m the Philippines, a fall to— 7 per cent after 
13 months 5 residence m the islands 

Taknlma (1925) studied the metabolism of 120 Japanese men and women and 
reported that the average foi men was 5 5 per cent below the Sage (Aub-Du Bois) 
standards while the women wcic 7 3 per cent below He did not beheve that there 
was any significant difference between the two different races and all workers have 
to agree with him if 6 per cent reduction m the Aub-Du Bois standard be accepted 
The lowered metabolism m the Oriental students living m America, noted by 
Benedict, Mnclcod and Crofts, must be due not to racial difference but to other 
causes winch will be discussed below r 

If the racial factor is eliminated, the lowered metabolism must be due to either 
climatic conditions or influence of diet or the general physique of the individuals 

Leonard Hill and others (1922) found the metabolism of children was 20 to 30 
pei cent highei m winter than m summer E Hmdmaish (1927), working m 
Sydney, found an aveiage reduction of 9 G per cent for the men and 10 9 per cent 
for the women from Du Bois’ predicted values lie suggests that this reduced 
basal metabolic rate is due to the more ready relaxation of the subjects m the 
warmer climate of Sydney M Heggerda and Benedict (1928) found male brown 
individuals m Jamaica had an average of 5 1 per cent below the Amen can White 
average 

H Nechcles (1930) obscived, during a prolonged stay in China, that the average 
Chinese is always more relaxed than the average Westerner Their muscular tone 
seemed to be constantly lower than that of Westerners, which, he conjectured 
might be the leason for their lower basal metabolic rates He confirmed the hypo- 
thesis by finding very little difference m then basal metabolic rate between waking 
and sleeping With Westerners, there was considerable drop dunng sleep, indi- 
cating a high muscular tone and so a high basal metabolism in the w r akmg state 

So there is evidence that the low r basal metabolic rate of Orientals is at any 
rate partly due to a greater degree of constant relaxation This relaxation is 
apparently due to the influence of the waim climate If the climate of Sydney 
is sufficient to pioduce ready relaxation of the subjects as found by 
E Hmdmarsli, how much more responsible should the hot tropical climate of 
Madras be to produce relaxation of the subjects and lower their basal metabolism 
Climate may not affect metabolism directly but does indirectly, by the virtue 
of habits and activities acquired 

Another factor, which, I beheve, plays a more important part m the maintenance 
of a high or low basal metabolism, is the influence of diet Under-nutrition is an 
important factor in the reduction of basal metabolism Krogli and Lmdhard 
(1920-22) beheve that the metabohstn is distinctly lower if the previous diet has 
been low m protein The average diet m South India, whether vegetarian or 
non-vegetarian, is deficient m protein and fat, the staple food being rice The 
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so-called non- vegetarians help, with a few exceptions, take very little meat, and 
ordinarily they have meat 01 fish or egg in a curried form three or four times a 
week or utmost once a day along with rice and vegetables 

The standaids of basal metabolism in the West were devised for well-nourished 
people m good health and who take mixed diet The laiger the protein content in 
food, the higher is the basal metabolism (LuSk) It seems fairly conclusively 
proved that high caloues and especially the quantity of protein taken has decided 
positive influence on basal metabolism Kleitman has conclusively shown this by 
altering the previous daily diet and estimating the basal calories In my series of 
cases, I have compared the basal metabolism of a few (7 cases) who were definitely 
known to be on a high protein diet and high calories (Table VI) with that of 


Table VI 


Basal metabolic lales obseived m poisons who were hnown to be on a high 

protein diet 


Number 

Number of sub- 
ject 

Ago 

Years 

Weight in kilo 

Sitting height 
cm 

Body surface 
sq m 

Caste 

Diet 

Basal metabolic 
rate per sq m 
per hour Cal 

Calculated aver 
age for the nge 
Cal 

Anb Du Bois’ 
standard Cal 

Predicted value 
Foi tho age 
Cal 

1 

8 

20 

56 0 

84 

1 60 

N Br 

N Veg 

41 1 

1 

36 6 

1 

30 5 

35 5 

2 

27 

20 

52 7 

86 

1 64 

A I 

N Veg 

39 9 

36 6 

39 5 

35 5 

3 

59 

21 

69 5 

38 

1 81 

Br 

Veg 

38 2 

35 1 

39 6 

35 0 

4 ■ 

23 

22 

54 8 

85 

1 63 

N Br 

Veg 

38 3 

34 0 

39 5 

34 5 

6 

4 

23 

62 0 

87 

1 65 

Br 

Veg 

40 2 

34 1 

39 5 

34 5 

6 

37 

23 

52 0 

87 

1 53 

N Br 

N Veg 

41 6 

34 1 

39 5 

34 5 

7 

57 

23 

80 9 

92 

1 96 

Br 

Veg 

40 6 

34 1 

39 5 

34 5 

Average 

61 1 

87 

1 69 



40 0 

34 8 

39 5 

34 8 


an equal number practically of about the same weight and body surface who 
were definitely known to be on a low protein diet (Table VII) The avexaseba 
metabolic rate of cases on high protein diet was 40 0 per sq m ner W „ i i 
that of cases on low protein diet was onlv 31 90 f La ^ ’ 11 e 

predicted for the whofo senes being U 8C ’ ^ 0a,C ’ ,lsted OT 
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Table VII 


Basal melabohc rales obsei vcd m persons loho were known to be on a low 

protein diet 


Number 

Number of sub- 
ject 

Age 

Yearn 

Weight m kilo 

Sitting height 
cm 

Body surface 
sq m 

Caste 

Diet 

Basal metabolic 
rate per sq m 
per hour Cal 

Calculated aver- 
age for the age 
Cal 

Aub Bn Bois’ 
standard Cal 

Predioted value 
for the age 

Cal 

1 

! 

no 

i 

20 

51 0 

88 

1 03 

N Br 

Veg 

34 7 

30 6 ' 

39 6 

35 5 

1 

■ 

21 

11 1 

89 

1 01 

N Br 

Veg 

12 5 

35 1 

39 5 

35 0 

D 

Wm 

22 

10 8 

94 

1*00 

Br 

Vog 

12 1 

34 0 

19 5 

34 5 

D 


00 

MM 

57 7 

90 

1 71 

N Br 

Veg 

29 5 

310 

39 5 

| 34 5 


mm 

21 

01 0 

88 

1 78 

N Br 

N Veg 

12 8 

34 1 

39 5 

34 6 

0 

ill 

21 

515 

81 

159 

N Br 

N Veg 

12 1 

34 9 

19 5 

34 0 

7 

0 

24 

52 0 

81 

1 10 

N Br 

N Vog 

29 4 

34 9 

39 5 

34 0 

Average 

• 

55 7 

81 

1 05 



31 9 

14 8 

39 5 

34 0 


So, accepting that the Du Bois’ values are 6 per cent too high, a further 
reduction of 6 per cent in South India can be said to be due to the ready muscular 
relaxation in a hot tropical climate and a low protein diet 

Influence of exercise — It is said that atliletic training pushes up the basal 
metabolic rate Benedict and Smith found basal metabolism 6 to 7 per cent higher 
in athletes Du Bois found 2 0 per cent higher than the Sage standards 
Talealura also found higher basal metabolic rates in general labourers than m 
teachers and traders 

But m Florida, J Titt (1930) found the average basal metabolism of ten women 
students engaged in athletics was the same as that of the whole mixed group A H 
Hemhaus (1928) in las studies on the influence of exorcise on basal metabolism m 
dogs, found no change as result of increased musculature m adult animals due to 
exercise He observes that it is possible to tram a sedentary arumal to take 
strenuous exercise without after effects A period of training sufficient to do this 
seems to have no effect on the basal metabolism either during the training period 
or afterwards, though there is a possibility that if very prolonged the basal meta- 
bolism may be lowered 

In Table VIII, I have shown the basal metabolic rates of a few of my subjects 
who were daily indulging m good exercise Except in the first case, m all others 
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the basal metabolism was practically the same as, or below, the predicted or 
calculated values for the ages The average for the six cases recorded is 
distinctly lower than the calculated or predicted average for the mixed group 


Table VIII 

Basal metabolic laics observed m men who weie daily indulging in fan ly 

severe exercise 


Number 1 

rO 

3 

CD 

t*-4 

o 

u 

© 

Q 

a 

3 <u 

✓5 - 

Age 

Years 

Weight in kilo 

Sitting height 
cm 

Body surface 
sq m 

Cnsto 

Biot 

Bnsal metabolic 
rate per sq m 
per hour Cal 

Calculated aver- 
age for the age 
Cal 

Aub Du Bois’ 
standard Cal 

Predicted \alue 
for the age 
Cal 

1 

25 

21 

72 0 

1 9S 

1 

l 95 

A I 

N Veg 

36 6 

35 1 

39 6 

35 0 

2 

34 

21 

54 0 

83 

1 5S 

I C 

N Veg 

35 6 

35 1 

39 5 

35 0 

3 

24 

23 

01 0 

93 

1 73 

A I 

N Veg 

30 0 

341 

39 6 

34 5 

4 

46 

23 

67 2 

81 

1G2 

Moll 

N Veg 

34 4 

34 1 

39 5 

34 5 

5 

55 

23 

G3 2 

87 

1 68 

Br 

Veg 

30 1 

34 1 

39 5 

34 5 

C 

56 

23 

61 4 

85 

1 76 

Br 

Veg 

30 0 

34 1 

39 5 

34 5 

Average 







32 8 

34 8 

39 5 

34 7 


In women also, a further reduction of 10 per cent can be explained as due to a 
low protein diet and the more marked muscular relaxation in the hot climate As 
all the subjects were medical students, they had frequent exposure to open air and 
also indulged m some sort of exercise, walking or playing badminton or tennis, 
unlike most of their sisters m the middle and upper classes who hardly take any 
exercise and lead mostly an indoor life 

The low rates found by Macleod, Crofts and Benedict (1925) m Oriental women 
students resident m New York for fifteen months, compared with the rates m 
American women, could be explained by the fact that the Oriental students 
continued to have the same or a less degree of muscular relaxation they used to 
have m their country and probably also by the fact, that they were not having the 
same quantity of food as their American companions had, as they were new to 
the diet 

Du Bois (1917) calculated the figures for females as 7 per cent below the average 
for males Stoner (1924), using Dreyer formula, subtracted 10 per cent for the 
females E E Du Bois says that sex difference is probably greater m Orientals 
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Takalura m Japan found the basal metabolism m women averaged 9 per cent lower 
than that of the men, according to surface area Jn my senes, the average basal 
metabolic rate for women is found to be 10 per cent below the average for men 
Influence of menstruation —Undoubtedly, the menstrual cycle has a profound 
disturbing effect on metabolism in women F G Benedict and Finn (1928) found 
oxygen consumption lowest during the menstrual period and highest one week after 
menstruation Menstruation is thcicforc a real factor m lowering metabolism 
It F Matters in Australia (192 9), from a study of two normal female subjects, 
found t.lieie was a rise m standard metabolism immediately before menstrua- 
tion and a fall during menstruation 

In Tabic TX the basal metabolic rates m relation to the menstrual cycle axe 
shown In my scries, no determinations were made during menstruation In one 
case aged 21, two days after menstruation, the basal metabolic rate was only 

Table IX 


Basal metabolic rate of vointal young women showing its relation 

to the menstrual cycle 


Number 

of 

(subject. 

o £ 
fct) c* 

< o 

Standing 
height cm 

Weight 
m Kilo 

Bod> 
surface 
eq m 

i 

Da} after Inst 
menstruation ; 

Basal metabolic 
rate per sq m 
lier hour 

Cal 

05 

19 

159 

51 8 

1 

1 71 

10 

31 6 

GO 

20 

153 

40 5 

1 33 

18 

26 8 

02 

21 

151 

40 4 

1 41 

22 

28 5 

04 

21 

150 

43 7 

I 35 

11 

34 0 

07 

21 

140 

37 3 

l 20 

7 

30 5 

08 

21 

101 

37 3 

) 34 

0 

29 8 

03 

22 

150 

53 2 

1 47 

10 

29 S 

69 

22 

150 

40 4 

1 38 

! 

11 

31 5 

70 

22 

150 

50 9 

149 

0 

32 6 

70 

23 

150 

35 0 

1 23 

18 

30 2 

72 

23 

150 

49 1 

1 42 

15 

36 6 

73 

23 

151 

50 4 

151 

22 

310 

74 

23 

162 

GOO 

1 52 

9 

30 0 

71 

23 

103 

40 4 

147 

13 

29 5 

75 

24 

150 

38 7 

127 

26 

34 2 
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29 8C the normal average calculated for the age being 30 7C and the predicted 
value being 31 5C pel sq m poi hom, showing thereby that basal metabolism 
continues to be low r for a few daj^s aftci menstruation Subject No 75 aged 24 
on the 26th day aftei mcnstiuation had a high rate of 34 2C when the predicted 
value is 30 5 and the total average is 31 2 This shows a rise m basal metabolism 
m the prc-menstrunl period 

It may be gathered from the figures in Table IX, that on the average, though 
there is no uniformity, tlicie is a rise duimg the second iveek and a decline during 
the third week aftei mcnstiuation There is a pre-menstrual rise again and then a 
fall during the menstruation which continues probably for a week after 


Table X 

Du Dots’ body surface formula and Meek’s body sut face formula continued 


Number of 
subject 


Body surface 
Du Bois’ 
formula 
sq m 


Body surfneo 
Mceli’s 
formula 
sq m 


Basal metabolic rate Basal metabolic rate 
per sq m per hour persq m per hour 
using Du Bois’ using Meeli’s 

formula formula 

Cal Cal 
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Summary 

With a view to find normal standards of basal metabolism for men and women 
in South India, data were collected on 76 medical college students m Madras, of 
whom 15 were women, of ages varying from 18 years to 25 years 

The subjects were brought to the Laboratory by car under basal conditions, 
i e , 14 to 18 hours after the last meal and without bieakfast in the morning or were 
kept at a convenient place overnight with an early evening meal The basal 
metabolism was measured m the morning before breakfast after 30 to 45 minutes’ 
complete rest The determinations were made on each case on two different days 
The apparatus used was the latest model of Bencdict-Rotli, with rubber flutter 
valves and the Collin’s Kymograph attachment 

The body surface was computed from the charts devised by Anb and JDu Bo is 
based on height-weight formula 

About 230 basal metabolism determinations were made in all As advocated 
by Du Bois, Macleod, Rose and Paul Roth, only the minimal basal rates were taken 
into consideration and compared with the standards of Du Bois, Harns-Benedict, 
Dreyer and Krogli The data collected and the deviations from standards are 
given in Tables I and II The results arc summarized according to ages in 
Tables III and IV 

In men, the basal metabolic rate calculated for age 18 was found to be much 
higher than the average for ages 19 to 25, but being based on determinations 
on only four subjects the figure is not considered to represent the true rate 
for 18 years, though it is an indication of the high level of metabolism at 
that age 

For ages 19 to 25 the average basal metabolic rate is found to be 34 80 per 
sq m per hour and may be considered fairly w r ell established Judging from the 
results, the probable values applicable to South India for ages 18 to 25 are laid 
down as follows 37 0C for age 18, 36 0 for 19, 35 5 for 20, 35 0 for 21, 34 5 for 
ages 22 and 23, and 34 0 for 24 and 25 

The average 35 QC deviates — 12 per cent from Du Bois, — 10 8 per cent from 
Hams-Bencdict, — 11 9 per cent from Dreyer and — 8 1 per cent from Krogli ’s 
standards The basal metabolism results range from — 25 6 per cent to 2 8 per cent 
(Du Bois), from — 24 1 to 2 1 per cent (Harns-Benedict), and from — 26 5 per cent 
to 3 8 per cent (Dreyer) The maximum individual variation from the average 
basal metabolic rate is found to be 16 6 pei cent or — 15 5 per cent 

In women (19 to 24 years of age) the predicted values are laid down as 32 0C 
y f or age 19, 31 50 for ages 20 and 21, 31 00 for 22 and 23 and 30 5C for 24 and 
25 which gives an average of 31 0C per sq m per hour, same as the figure actually 
calculated from the results This average shows a difference of 10 per cent from 
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the rate for men, niul deviates — 16 per cent fiom Du Bois, — 18 per cent from 
Harris-Bcnodict, —17 per cent from Dreycr, and — 12 5 per cent from Krogli’s 
standards 

The level of basal metabolism in South India and the variations according to 
age, v eight and bod\ surface as compared with the Du Bois’ and Krogh’s standards 
are represented graphically in Charts 1 to 4 No correlation between pulse rate 
and metabolism was found 

The factors which account, for the lowering of basal metabolism m South India 
by 12 per cent in men and 10 per cent m women ns compared with the Du Bois’ 
standards me discussed The findings of August Ivrogh and E F Du Bois are 
quoted to show that the Aub-Du Bois’ rates are 6 pei cent too high even for 
Westerners The findings of other w T orkcrs on metabolism like O/ano dc Almeida 
in Brazil, Taknlura m Japan, etc , arc quoted to show T that lowering of metabolism 
cannot be due to any incial difference The view is put forward that, the lowering 
is due to the ready muscular relaxation m the hot tropical climate of Madras and 
to the low r protein diet m South India, where the average diet of a vegetarian or a 
non-vegetarian is deficient in protein and fat, the staple food being rice The so- 
called non-vegetarians in South India, with a few' exceptions, take very little 
meat 

The basal metabolism of a few r cases on a high protein diet, selected from the 
senes investigated, is compared with that of a few' others on a low protein diet 
(Tables VI and VII) The average basal metabolic rate in the former is found to 
be 40 0C and m the latter onl)' 31 9C per sq m per hour 

To show r the effects of exercise on basal metabolism a few r subjects knowm to 
indulge daily in exercise were selected and their basal metabolism rates are shown 
m Table VIII The average basal metabolic rate is found to be distinctly low r er 
than the calculated or predicted average for the mixed group 

In women the low metabolism is again attnbuted to the more marked muscular 
relaxation and the low protein diet obtainable here The influence of the menstrual 
cycle on basal metabolism is commented on, and the rates m relation to the 
menstrual cycle are shown m Table IX A rise m basal metabolism is noted m the 
pre-menstrual period and m the second week after menstruation At other periods 
of the cycle there is a decline 

I wish to acknowledge my indebtedness to the students, men and women, 
who so readily acted as subjects and to Dr Thomas, warden of the women- 
students hostel, for her kmd co-operation and help m collecting the data on 
women subjects 


Benedict, F G ( 1928) 

Benedict and Finn ( 1928) 

Benfdict, and Stegqaeda, M ( 1928) 
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The lentil, Lens esculcnta, is a valuable pulse grown as a winter crop all ovei 
India It is cultivated extensively m the United and Central Provinces, where it 
is used as a daily food m place of tunr dal, Cajanns indicus 111 India it is eaten 
as ‘ dal 5 flavoured with various aromatics and condiments and is considered to be 
highly nutritious In some places the ) oung pod is also eaten as a vegetable and 
the dry leaves and stalks are generally priced as fodder In Euiope the pulse meal 
mixed with barley flour or other cereal is used as invalid food The vernacular 
names are Masur, Channangi, Mohr, Misurpappu, etc 

The cow pea, Vigna catjang, is a suberect herb cultivated m the hotter parts 
of India The crop, as a rule, is grown for its seeds and used as a pulse It mav be 
cultivated alone, but is usually a subordinate crop Various laces exist, one of 
which, with long pods is raised as a vegetable and sold as a substitute foi French 
beans The vernacular names are Chowlee, Lobia, Barbatti, Caramunny, 
Bobberlu, Tadagunny, etc 

The aconite bean or kidney bean, Phaseolus acomlifohvs, is a perennial oi 
annual herb found throughout India and cultivated as a hot-weather crop and 

( 859 ) 
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reaped m the autumn In the United Provinces and Bombay it forms an important 
crop Tlie pulse is split and eaten as dal and also cooked m various ways The most 
common vernacular names are Math, Matgi, Birmung, Tulkpyre, Kunkuma 
pesalu, etc 

This part deals with the isolation and analysis of the total globulins of the 
above three pulses and the estimation of the biological value of the total proteins 
m their seeds 

The seed coat of the lentil was removed before grinding, while the other two 
pulses— com pea and aconite bean — were ground whole as they are usually eaten as 
such The pulse flours v ere all passed through a 40-mesh sieve and they gave the 
following percentage on analysis — 

Table I 


Pulse 

Ash j 

1 

t 

Ether 

cxtrnctncs 

1 

Crude 

fibre 

Crude 

protein 

N y C 25 

Cerlioh} cl rates 
(bv difTereni’c) I 

1 

True protein 
(determined 
separately) 

Lena csrulcnla 

145 ; 

1 

i 1715 

ns 

2S 7-1 

(14 91 

27 40 

Vigna entjang 

i nn 

1 1 21 

4 3S 

2G 02 

04 17 j 

24 74 

Phnscohm 'icontli 

fohun 

4 os 

i 

0 12 

4 Cl 

27 0!) 

0191 j 

24 81 


The methods of isolation and analysis of the globulins and of the determination 
of the biological values have been discussed fully in Part I of this series (1931) and 
only special features need mention here 

The saline extract of Lens esculenla removed a good deal of the pink colouring 
matter from the pulse and this was partly adsorbed by the globulin on precipitation 
Even after repeated washings, the pink colour could not be removed completely, 
so that the globulin of this pulse was faintly pinkish m colour The globulins of 
Pkaseolus acomftfolws and Yigna catjang were respectively greyish and white 
m colour Elementary analysis of the preparations gave the following 
percentages 

Table II 


1 

Lens esculent a 

Vitjna catgang j 

Phaseohts nconitifohui 

Moisture 

! 11 20 

11 77 

7 74 

7 54 

9 84 

i 9 90 

Ash 

1 

0 72 

0 74 

0 52 

0 41 

0 71 

0 63 



On ash and moisture freo basis 



Nitrogon 

i 10 17 

10 50 

15 85 

15 2S 

15 93 

16 04 

Sulphur 

| 0 421 

0 44 

0 538 

0 520 

1 

0 452 j 

0 414 














801 


S. P Nu/oqi, N. Naiai/nmt and B G Desai, 

The results of the Van Sl> Ice nnnh sos of these preparations and of the separate 
determinations of the essential ammo-undo in them, arc given m Tables III 
and IV 

Taiiu' in 


Arnih/w of the fflobulms fry thr Vnv Klylr method 
(Expressed as per cent of total nitrogen ) 


1 

Form of nitiogcn ' 

Glob ilin of 

I nit result nM 

! 

Globulin of 

VlnertAvi 

nr/tniltfohtte 

Globulin of 

I i gnv cntjnnn 


l 

O 

1 

1 

Tf j 

1 

4* 

Acid insoluble mnlnnm 

0 40 

o r» 

0 S2 

j 

0 01 i 

i 

(101 

i 

(1 85 

Acid soluble mnlann (adsorbed 
by lime) 

0 C r > 

0 07 

0 so 

« 

0 78 ! 

1 

. 

0 87 

0 S3 

Amide 

10 dO 

0 01 

11 so 

i 

12 11 1 

1 

! 10 SO 

| 

11 10 

Diamino — 




i 



Arginine 

20 81 

10 00 

15 02 

15 53 

15 12 

15 03 

Histidine 

4 OS 

1 21 

5 03 

5 01 

3 08 

3 01 

Cystine 

0 IS 

0 51 

0 12 

0 38 

0 50 

0 IS 

Lysine 

7 00 

8 13 

0 no 

0 21 

8.52 

0 75 

Mono amino — 







Amino 

53 53 

54 11 

50 02 

55 24 

51 02 

r l 01 

Hon amino 

2 00 

2 02 

2 OS 

3 38 

3 00 

4 25 

Total 

101 07 

100 03 

100 90 

100 23 

00 70 

100 13 


Free amino nitrogen in the native proteins 


4 11 

3 01 

4 02 

3 93 

3 29 

4 57 


By direct estimation 
Halt lysine nitrogen 
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TabM', IV 


firpicsscd as po cent of pioiein (ash- and moistin e-fire) 


Ammo acid 

' 

Globulin of 
Lcn/t csculcnta 

Globulin of 
PhaieaUt* 
acomtifohuv 

Globulin of 
Vignn rntjamj 

Method 

L \ si no 

0 70 

5-19 

5 06 

Van Sh Kc 

Hiitulinc 

2 77 

3 15 

2 21 

Van SpVe 

\rgunnc 

10 30 

7 81 

7 46 

Vnn Shke 

Argunno 

11 01 

8 62 

7 01 

Plimmor and Ro'-cdalc (1925) 

Cvslmo 

l 02 

1 

j 1 62 

1 SO 

Honmi"ton (1030) 

T} ro^ino 

1 56 

*1 10 

3 71 

Volin and Mrtrenzio (1929) 

Tjrosmo 

102 

3 76 

3 88 

Zu"orl alao (1926) 

Trvptoplmno 

0 71 

0 67 

0 80 

Folin and Mnronno (1929) 

Trvptophano 

0 62 

0 71 

0 59 

Tillman and Alt (1023) 


The metabolic cxpenmenis were carried out m a new hpe of cage This is a 
modified form of the Coonooi type of cage, the use of which was kindly suggested to 
us by Col McCarnson of the Coonoor Institute The nccompnn)ing photograph 
and sketch (Plalc XLVI, figs 1 and 2) give an iden about the construction of these 
cages The cylindrical body of the cage is made of fine mesh wire gauze The lid, 
side tube, inner tube, funnel and the contrivance for holding the glass water tube 
arc all made of galvanized lion As the funnel is lined with paraffin, the urine does 
not stick to its sides which can be daily washed down, w lth dilute sulphuric acid 
The inner tube is of a sue just sufficient for the rats to pass through, but not 
spacious enough to allow them to turn back As it is lemovable, it can be replaced 
by one of the desired size for different sizes of rats The animal gets m through 
the inner tube and cats the food by projecting its mouth into the food container, 
and thus is prevented from scattering the food 

The rations contained 10 per cent of protein and weic prepared m the same 
way as given in the previous paper The metabolism data are given m Table 



Fig I 



(A) Removable lid (B) Cvhndncnl cage of 
fine mesli u ire gauze (C) Water tube ( D) Wiro 
net (F) Side tube with food container (F) Re- 
movable inner tube sliding into the sido tube 

(G) Galvanized iron funnel lined with paraffin 

(H) Ftcces trap of fine wire mesh (I) Gloss 
funnel with glass wool (J) Urine collecting 
bottle containing dilute sulphuric acid. 


Fig. 2. 
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The analysis of the three globulins shows that the globulin of Lens csculenta 

is characterized by its higher content of lysine and arginine The net protein values 

Content of <hgcshbk protein x biological inluc 0 f the pulse calculated from the metabolism 
100 

data arc given in flic following table — ■ 


Table VI 


PtiRo 

Total protein N X G 2' 

Not protein vulnc 

Per cent 



Per cent 

Lena csculenta 

28 71 

12 80 

Vi ana catjang 

20 52 

11 05 

Phaseohti aconiti/ohus 

27 09 

9 04 


At a 10 per cent level of intake, the proteins of Lens csculenta are highly 
digestible, while those of Viqna catjang have a high biological value Phaseohs 
acomlifolncs is poor in both respects 

The pulses previously investigated at the same level of protem intake are 
Dohchos bijlorus, Ciccr anchnum and Dohchos lablab, and their net protem values 
are 10 43, lb G8 and 10 G1 per cent respectively 


Foltn and MMirsnr (1929) 
PUMMrti and ItosroALF (1925) 
IlFMINOTON (1930) 

Tillman and Alt (1925) 
Zuwepkalao (1020) 
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four Biol Ch f m . 73, p 89 
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BACTERIOLOGICAL EXAMINATION IN LEPROSY. 
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COMMON USE 
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Introductory 

The Mycohadenum lepra; was first discovered by Hansen m sections of the 
nodules of lepers Since then many workers have found the M lepice constant!} 
present m most of the skm lesions of leprosy Various workers have advocated 
various techniques for demonstrating the organism In 1897 Sticker reported the 
occurrence of M lepice m the nasal discharge of 128 out of 153 patients examined 
and concluded that the nasal lesion is the primary lesion Since then many workers 
have verified his finding but not his conclusion, e g , McDonald (1903), Brinckerhoft 
and Moore (1909) and Solis and Wade (1925) Such a high percentage of nasal 
infections as Sticker found is usually seen m advanced cases only, and it seems 
likely that Sticker’s cases were of this kind M lepree, m the experience of most 
workers, are found more commonly m the skm than they are m the nose The one 
exception to this m recent literature is the report by Wade and Solis (1927) of nasal 
infection persisting m 55 out of 570 cases otherwise negative after treatment 

The importance op bacteriological examination 

(a) In diagnosis If early cases of leprosy are to be diagnosed and not missed, 
diagnosis must often be made when the organism cannot be found clinically In 
this respect the problem of the diagnosis of leprosy is similar to that of tuberculosis 
Though most cases can be diagnosed on clinical grounds alone, there are a certain 
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number of cases m wlucli bacteriological examination is the only means of clinching 
the diagnosis 

(6) In the n aluahon of pioqrcss undn hcatmeni Diminution m the number of 
31 Jcpia' and the possible final disappearance of the organisms from the tissues 
examined me the most important ciitcna of progress On such findings as the 
latter will often depend the isolation or otherwise of the patient 

(c) In flic comparison of icsults cbfmned by different leprosy woilcis — This is 
only possible if accmate bacteriological examinations are made before and after 
treatment Some leprosy workers publish results with no bacteriological reports 
at all, some publish results w ith bacteriological leports based on inefficient methods 
and some publish results with accurate bacteriological reports The result is that 
on papci the most accurate and scientific woikers often show the worst results 

From all these three xnew-pomts it is desirable that where possible accurate 
bacteriological examinations be made in e\cry ease before and aftei treatment, 
that the most efficient methods be established and put m general use, and that no 
results recorded without such accuiate bacteriological reports be accepted as 
scientific evidence regni ding leprosy and its treatment 

hll/nions NOW IN COMMON USK 

In the space available only essential details can be given 

1 Nasal examination 

(a) Smcai of nasal dischaigc — A speculum is mseitcd in the nose and the 
cavity ex'annned for any suspicious lesion With a small piece of cotton-w ool held 
m a forceps, the suspicious area is sw r abbed foicibly, and if no suspicious area is 
seen, the mucous membrane ovei the septum, the anterior end of the mfenor 
turbinate bone and the flooi of the nose is sw abbed forcibly The material obtained 
is smeared on a slide 

(b) Sci aping of nasal mucous mcmbi one — The proceeding is similar but instead 
of swab, a sharp pointed bistoun is used and with ns little bleeding as possible a 
fragment of mucous membrane is sciaped from any suspicious area, or, if there are 
no visible lesions, from the areas mentioned above If necessary, fairly extensive 
areas of the nasal mucous membrane can be scraped with the edge of a blunt instru- 
ment 

2 Sltn examination 

(a) The shi method — In any suspicious area of skin, a slit is made through the 
epidermis well into the corium by means of a sharp scalpel Bleeding is pi evented 
by pressure with fingers on either side of the slit, any blood which has already oozed 
out is wiped away, and with the point of the scalpel the deeper la) ers of the slit 
are scraped until a considerable amount of cellular material from the oonum is 
obtained on the point of the scalpel Tins is smeared on the slide. 
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(b) The chp method — In any suspicious aiea a fold of the skin is elevated by 
means of picking it up with fine toothed foiccps 01 else by transfixing it with a fine 
needle, and with a pan of sharp scissors curved on the fiat a fragment of the skm 
thick enough to include the coriuni is snipped off The excised skm is held with 
forceps on a slide and the cellular paits (1 c , the conum) are sciaped off from the 
epidermis and smeared on a slide The epidermis is rejected as useless for examina- 
tion 

2 From the point of mow of bacteriological examination a suspicious area of skin is ono that 

shows thickening or erj-thema or both Dcpigmentcd an csthotic areas of skin rarely show 
M lepra: 

3 Em lobe examination 

This is a special form of slan examination The ear lobe is very commonly 
affected m lepiosy and it may be examined as a suspicious skm lesion Experience 
has shown the value of ear lobe examination as a routine procedure even when 
there is no apparent thickening, so for the purpose of this paper, ear lobe 
examination is treated as a special method Either the slit method or the clip 
method as described above may be used Owing to its structure, the ear lobe is 
peculiarly suitable for the clip method A snipping of the skill including the 
conum can be made almost instantaneously with practically no pam to the 
patient 

4 Olhe i methods 

When the above methods fail two other methods can be tried They are gland 
puncture [Henderson (1927)], and excision of a piece of skm foi sectioning These 
methods aie only needed m exceptional cases They are not suitable foi adoption 
as a routine method of examination and they will not be fuithei discussed m this 
paper 

Investigation oe the relative efficiency of these methods 

In severe cases of cutaneous leprosy the nasal mucous membiane is usually 
involved and m such cases M lepicx can be demonstrated with ease by any of the 
methods described The only way to test these methods critically is to take a 
large series of cases of all kinds, some slight, some showung mostly neural lesions, 
some patients merely suspected of leprosy and some moie seveie cases 

Accordmgly 160 such patients were chosen, all such patients as might come 
any day to any doctor in India for diagnosis and each one had a slide prepared by 
each of the following methods — 

1 Nasal smear 

2 Nasal scraping 

3 Skm slit from suspicious skm lesions other than the ear 

4 Skm chp from the same lesion 

5 Skm sht from the ear 

6 Skm chp from the ear 
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Thus 960 slides were picpaml and ruefully examined and an analysis of the 
results was made which should he of some value 

Results oi investigation 
] Out of 100 nasal smears 45 showed i)/ lepra 

2 Out of 160 nasal scrapings G5 showed M lepni 

3 Out of 1G0 slun slits 94 showed M Icpicc m lesions othei than the ear 

4 Out of 1 GO shin clips 104 showed JIJ lepni m the same lesion 

5 Out of 1G0 shin slits 110 showed M lepuv m the ear lohe 

0 Out of 160 shin clips 128 showed M lepur in the eai lobe 

The follow'ing is a statistical analysis of the icsults of thc<-c 960 slides, ananged 
so as to demonstiate the comparative efluiency of the various methods 

Nasal crawl nation 

Of 160 smears 43 showed jl / lepur, ic, 28 pel cent 

Of 1G0 sciapmgs 65 showed M lepra' l e , 40 pei cent 

No patient show ed a positive smoni and a negative scraping 

20 patients showed negative smcni and positne scraping 

This show s that the nasal sci aping is a more efh< lent method than the smeai 

Nasal csannvalwn and shin examination compand 
Of 640 slides taken fiom the shin of 160 patients 430 showed M lepra, 
i c , 08 per cent 

Of 320 slides taken fiom the noses of the ‘-nine patients 110 showed M lepra, 
l e , 34 pei cent 

No patients sliow-ed M lepra in a nose and not in the shin 
63 patients showed M lepni m the shin and not m the nose 
Theiefoic shin examination is fai more cfhcient than nasal examination 

Shi and clip methods computed 

Of 320 slides taken by the slit method 204 showed M lepuv l e , 64 pei cent 
Of 320 slides taken at the same site by clip method 232 showed M Icpicc, 
l e , 73 per cent 

No area of skin showed M lepnub } tlic slit method and not by the clip method 
28 areas of skill showed M lepioc by the clip method and not bj the slit 
method 

Therefoic the clip method is a moic effective method than the slit method 

Eai lohe examination computed with shn examination in othei sites 
Of 320 slides taken fiom the eai lobe 238 sbow’ed M le]nce, l e , 75 pei cent 
Of 320 slides taken fiom the skin m other aieas 198 showed M Icprcc, l e , 
62 pei cent 
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4 patients showed M leprw elsewhere and not m car lobe 
36 patients showed M hp'tai m thecal lobe and not elsewhere 
Theiefore M lepico arc most commonly found m the ear lobe but for greatest 
efficiency this method should be combined uith skin examination of suspicious 
lesions elsewhere 

Summary of results 

Nasal examination showed bacilli m half the numbei of cases in which they 
were shown by skin examination Nasal sci aping is more efficient than smear 
Skin examination by either slit or clip method is far better than nasal examination 
but the greatest number of positive results is obtained by the clip method m the 
ear lobe Four cases showed bacilli clsewheie and not m the car lobe 


Discussion or results 

It is not suggested that m an) cases the cai lobe is the only area in which 
Hi lejmw occui, but these findings indicate clearly that the ear lobe is usually the 
area in which M hpiw are most easily demonstrated clinically A considerable 
number of cases giving positive findings m the ear lobe showed no visible thickening 
oi erythema of the ear lobe Some of these cases are illustrated m the accompany- 
ing photographs What apparently happens is this Before the development 
of visible skin lesions, a few bacilli lodge m the conum of the c km m various parts 
of the body and can be demonstrated clinically if a good exposure of conum is 
ob tamed at examination The clip method gives a bettei exposure of conum than 
the slit method and m the soft pendulous ear lobe a good exposure of conum is 
most easily obtained In other areas of skin commonly affected m leprosy, e g , 
the brows and the chm, the skin is much thicker and denser and a good exposure 
of conum is much more difficult to obtain 

How are these findings concerning the relative frequency of positive findings 
in the nose and skin reconciled with the findings of Wade and 8ohs that after 
treatment 9 per cent of 570 otherwise negative cases showed M lepuv m the nose 
Many of these 160 patients had been receiving treatment and m these cases similar 
findings might have been expected It was not so Not one case showed 
ili leprcB m the nose and not m the skin also and 63 showed M leprw m the skin 
and not m the nose This is m accordance with the writers’ experience for several 
years We have never seen a case before or after treatment which showed bacilli 
in the nose only The explanation of the difference of these findings probably lies 
in the difference of technique of examination used In the Wade and Solis series 
of cases, the scraping method in the nose and the slit method m the skin were used 
In the present series, if these methods are used 6, or 4 per cent, of patients «how 
M lepm m the nose and not in the skin , but if the clip method is used in the ear 
lobe none show M lepue m the nose and not in the skm also 
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Notes on interesting eases showing M lepra 
(.See Plates XT A' II and XLVIII ) 

Gate No 1 B ,T , ngc 20 lather is an infective leper and son had very slight dopigmcntation of 
face and back No amrsthcsia, no apparent thickening of slan, hut some anhydrosis of limbs 
Skin of ear lobe showed a few ilf Irprrr by clip method only 
Cate No 2 N M , age 25 Father and two sisters lepers There was v cry slight anesthesia of his 
foot The skin of his fact was marked b\ small po\ senrh but there was no definite thickening 
The scraping of n neons nieiiilirnnc and the skin of the ear lolic showed jlf lepra: in large 
numbers Tho patient w an example of a highly' dnngerous and infection 0 type of leprosy 
There was no obvious disease vet he was discharging millions of bacilli daily from the nose 
Case No *1 3 1 ' , age 25 A State prisoner who developed a slightly dcpigmcntcd patch on the arm 

and was sent for examination In tin prison doctor No nppnrent thickening of the skin any 
where but a clip from the onr lobe showed ilf lejira 
Case No 4 P B , age 30 No fnnnly history of leprosy , hut there were some lepers in his village 
ITnd some formication in bulbs followed In appearance of some dcpigmcntcd patches No 
apparent si in tlncl emrig nnv where but shin of ear lobe showed M lepra 
Case No r > K Tv , age '10 No fainilv lnstorv of leprosv, but some lepers were in Ins village First 
noticed tingling followed In an esthesm of index and middle finger of right hand No other 
signs of leprosv are found No apparent thickening of skin nnv where Skin of ear lobe showed 
M lepra 

Case No 0 NR, age 12 No family lnstorv of leprosy Six months ago noticed a dcpigmcntcd 
nnasthctic patch on the leg No other signs of leprosv , no apparent skin thickening Skin 
of enr lobe allowed ilf hpra 

heqatue cases 

Of ICO patients, 112 showed M lepra' on examination bv the methods described Of the 
28 negntivo cn°cs, 20 were diagnosed ns leprosy on ehtncal grounds alone Of these 20 one showed 
jlf leprae on excising a piece of si in for section and one showed ilf leprer in nn abscess of the ulnar 
norvo at operation In tho remaining S cases, iiio°tlv ‘ contacts,' a diagnosis of leprosy was not 
made 
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EDIBLE AND PABALYSJFIC BUGS, ONE OF WHICH 
A NEW SPECIES CYCLOPELT A SU Bill MALA YENSIS 
N. SP (IJEMJPTERON, JIETEROPTERON, 

PENT ATOM J DA, DINADORINA) 

BY 

C STRICKLAND, ma.ji d 

Professor of Medical Entomology, School of T logical Medicine, Calcutta 
[Re(ci\cd for publication, August 10, 1931 ] 

Edible bugs of the species A spongojms nepalcims Westw 1837, have been 
referred to m Distant (1902) who citing 0 Goiman, Major, IMS, says that certain 
natives of Assam aic accustomed to cat them pounded up with then nee, a state- 
ment passed on by Maxwell-Lefioy (1909) who lcmaiks that piobably the insect 
gives a powerful aiomatic flavour to the diet 

It was a related bug that was subsequently (Febiuary 10th, 1930) sent to the 
writer by Dr O’Connor of Upper Assam with the following note “ I send 
herewith a beetle which was found m one of the Assam Frontier Tracts It 
lives under laige stones in the Lolnt River and appeals to be of an edible type 
The Mishmis eat it but befoi e doing so they remove two httle red bags which they 
say contain poison these bags appear to he between the thorax and abdomen 
On mentioning this mattei to some gentleman whose name I have unfortunately 
forgotten he informed me that he knew of it and that if perchance the natives forget 
to extract the poison glands they get paralysis of the neck from winch they 
inevitably die ” 

The species sent by Dr O’Connor was kindly identified foi the writer by 
Mr W E Chma, British Museum, as AspongojJus chmcnsis Dali, 185] 

In addition to the above cited reports regarding the edibility of these bugs 
(or so-called ‘ beetles,’ or more specifically c cinnamon beetles ’) [other notes have 
amply confirmed the matter to the writer Dr Hutton, ics, Commissioner the 
Naga Hill Tracts , Mr Mills, i p , Acting Commissioner, and citing Mr Needham 

( 873 ) 
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of Uppei Assam, Mi Fur/e, jp, Political Officer of the Sadiya Frontier 
Tract, and Mr W C M Durnlas, civ, late Inspector-General of Police, 
Assam, have all sent letters to the same effect 

Mi Fui/e, moieovei, sent the xvntei a laige numbei of specimens of the hug 
and they have pioved to he of three species, not only the A&pongopus chmemts 
mentioned above and A vcpahvus as noted in Distant, but also a new species 
Cyclopcltci subhmalaycnsu, which will be described below 

The tribes reported to have the custom are the Miris, Mishmis, Abors, and some 
Nagas In the case of the Mishmis, Mr Furre explains the addiction on the ground 
of then living a meagie existence in veiy precipitous conntn 

Deports of these natives abstracting a poison gland and of its action on those 
who have eaten ll have been icmarked upon b) the above gentlemen as follows 
Mi Mills, * thcie aic no Iribes m these (Naga) hills who extract the poison glands 
from bugs, but Mi Needham sa^s that on the north bank of the Brahmaputra the 
Abois and Mins extinct a small gland fiom the neck of the beetle in the belief that 
the gland if eaten affects the biam 

Mr Fui/e iccollects healing a well-authenlicated icport of a beetle that was 
belieied to cause pa i a lysis ‘ The beetle has mteinalh neai the head a small ml 
spot which is said to be \ciy poisonous and to cause madness,’ but m his own 
experience he had nevci seen a case of paralysis, though sjmptoms of poisoning 
ensued if eaten b\ individuals not accustomed to the diet Mr Fur/e cites the 
Abors as saving that occasionalh " an exceptional beetle ‘ with a spirit 5 is eaten 
which causes paialvsis ’ Mi Dundas also confirms that if people unaccustomed 
to eating the beetle do so the) become Molentl} sick 

The beliefs and supeistitions hcie lecounted hate been the subject of some 
investigation at the School of Tiopical Medicine, Calcutta, foi which purpose the 
water has utilised the ample material so kindly sent by Mi Fui/e 

In the first place the so-called poison-gland ahas the hem t was found to be 
the stmk-glaml It is a seal let-coloured bi-lobed median sac lying between the 
abdomen and meta-tboiax It can easil} be dcmonstiated on the ventinl aspect 
by meicly fiactmmg the tboiac-abdommal aiticulntion on bending the abdomen 
back on the tlioiax The contents of the sac aic highly volatile oil 

An attempt was then made to find out wlictbci the mgesticn of the entire bug 
without, abstiactmg ‘ the hcait ’ had such a paialytic action as it was puipoited 
to have Foi this pmpose they weic fed to monkeys, but these did not become 
paialytic 

The glands weie then dissected out and a saline ‘ emulsion ’ — the volatile oil 
floating on salme— injected intravenously was tested on cats These tests were 
kindly cairied out foi the waiter by the Pharmacological Deparlment of this Insti- 
tute, under the charge of Colonel Chopia, i m s The reaction on the respiration 
and cuculation w r as quite negative 
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W5:>' rvmrd to the report roc mime the action of the contents of the hoivt 
or t* e skin not onh wav an alcoholic extract of the glimk punted on the skm 
without effect but the whole eland dissected out was applied to the skin without 
anv more result 

One is compelled then to conclude that \n *pite of the popnlai belief to the 
contnrv the stink-eland or the heart ha* none of the ph\vu\il attributes 
ascribed to it and the onem of these belief* can onh be wondered at It rent tin* 
to be seen whether the statement of the Abor* that if one unluekih pubs oil a 
hue possessed of a spirit one become* a filleted of a pals\ is am the more collect 

The following is the description of the new specie* — 

Cydopclta subJnmalai/nisis n *p (Hnmpluov Ihlnoptuov PtntutanuUi 
Dmadorma) — (af Plate XL1X )* 

Form o\ ate, dimension* oi erall — hnqlli 9 25 mm d 2.1mm biuulth Intuit n 
pronolal angles 9 11mm d 13 mm 

He\d small with npc\ truncate lateial lobes a little longei than icntial and 
meeting bevoud it Proboscis nearh reache* the middle coxa - 1 ultima with 
fine pale hairs and fewer daik spines, l-jonit ed the semnent* m length being 
relatuely about 1 4, 3 3 the ba*al joint pa**ing the apex of head 

Thorax Pionotuvi dark blown obseureh wrinkled lateial angle shaip 
but not produced, mcsostcimnii silicate tcutdhim dailc-biown about ,Mhs of length 
of abdomen, lateral maigins concave ajicx lnoad and blunt utny s, complete, 
bemelytra brownish-yellow, membrane huge, pnlei pi mini > and subtended \eins 
distinct and converging at the apex, posterior wings palei yellow 

Abdomen unarmed at base, c onncrivwn dark -blown inornate, both/ aboie, 
reddish-orange, beneath, blown leys bright blown 

The type 9 d will be lodged m the Indian Museum and pniatjpes in the School 
of Tropical Medicine and Central Reseaich Institute, Kasauli 

For the convenience of diagnosis fiom the othei species icpoi ted edible, a slioit 
account of then characteristics (Distant.) is given heie — 

Asponyopn s nepalevi s?s 

Dark-brown ocliraceous oi pale castaneous — extieme lateial maigins of pi olio- 
turn black antennae black, apical joint, luteous, nanowly black at. base, body 
underneath and legs more or less cupreous Antenna ft-jomted, 2nd and 3id 
joints of antennae sub-equal m length, abdomen above led 

Length 20 to 25 mm 

Breadth between pronotal angles 1] to 13 mm 

*The writer is much obliged to Mr V Nag. one of flu Hdiool uiMhIh, for <lm Ci onblo 

te lias taken "with this drawing 
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A clnnensn 

Bion/y puiphsh-blatk, eonnexivum black, with transverse narrow dull reddish 
spots at the middle of the segments, antennae 5-jomted pilose, black, apical joint 
oclnaccous, it s base black, second joint much longer than the 3rd, 4th 
joint distinctly fun owed 

Body above very finely and obscurely punctate, posterior tibioe slightly dilated 
near base, body beneath moic distinctly punctate than above 

AcMvOULLlX.Ml M’ 

I would like to thank Mi Bilncio of the Indian Museum for assisting me in 
going over the Museum collections 

MU LKLNCI',.% 

Distast (1002) ‘ I nuna of British India , Khwichotn,’ 1 ; Hctcroplera, 

Tu\lor and Proncis, London 

IiIaxw l cc Li 1 nov (1009) ’ Indian Insect Life’ Thacker, Spink &. Co, Ltd 

Calcutta 
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kole of adrenaline in maintaining tiie normal 

TONUS OF OB GIANS OF THE BODY 

in v 

H K BASU, m I? , 

Late Asmlcnt kernel, Wo, In, CokutU, School of Twpml Me, hove 

[Receded for publication August 22, IWl ] 

There is a great deal of controversy about tbe point whether the supra -renals 
are glands of emergency only or whether the secretion is continuous Sharpey- 
Schafier has thus summed up- on the whole the ci ulence is m fn> our of the view 
that there is not only a normal and fairlv constant passage of adrenaline into the 
blood but it may be temporarily increased undei conditions of nervous excitation 

How if this secretion be continuous, throe main questions remain to be soli ed 
(i) How is adrenaline carried ill the blood ? 

[n) What is the utility of this continuous secretion ? 

How does adrenaline act ? 

A In testing for adrenaline m the blood 0 Connoi (1112) states that plasma 
and not serum must be employed But according to the new of Sajous (1118), 
the whole of the adrenaline is carried b> t lie corpuscles and not b} nni otliei 
portion of the blood 

Ho doubt, nearly the wdiole of adrenaline is m the corpuscles but the reasons 
for this are — 

(r) Adrenaline remains in combination with the protein portion of the blood 
and the protein portion of the corpuscles is the greatest 1 ", 

{%%) Adrenaline being a base it remains m combination with some acid and the 
iso-electric point of the corpuscles is the greatest t 

* Protein content of f Ibo clcctrio points of 

(а) corpuscles 31 per cent (a) OTylmmoglob'n 0 8 

(б) plasma <1 „ „ (li) plasma 5 9 

(c) serum 8 „ „ (c) scrum globulin 5 4 

,, albumin 4 7 
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Evpenmental evidences m support. of the assumption that the whole of the 
adienalme lcmams m combination with the piotem poition of the blood and that 
nonily the whole of adienalme is in the coipuscle-protcm are — 

The most delicate qualitative test foi adienalme appeals to be its effect on 
intestinal muscles Foi this laf s intestine seems to be a very suitable one, as 
it show's definite ieln\ution with a dilution of 1 in J billion But for several 
advantages which fiogls intestine possesses ovei int’s intestine, it was selected 
for use thioughouf these expel iments 

(?) The ofTect of adienalme m vei v small doses is to pioduce a contraction 
and thus the effect lepioduccd on the giaph is much bettei read, 

(??) Solution of adienalme even in a dilution of 1 m 500 millions shows contrac- 
tion, 

(???) Being a cold-blooded animal pci fusion can be vei) easily carried on with 
nonnal saline only and without am fuithei complication 

For canning out these experiments a miniature Dale’s pcifusion apparatus 
was specially made, the capacity of the mnei bath being Gee only Samples of 
blood w'eie collected by punctilio of the heait of the rabbits 

The effects of plasma, seium and coipuscles weie tested on intestine separnteh, 
and the efficacy of these three weie found to be m the following pioportion — 
Corpuscles Plnsma Seium 1 1/2,000 1/200,000 ^ 

Fiom each of these piotem was precipitated with trichlor acetic acid and it 
was found that piotem-free filtinte in each case had no action But the piecipitated 
piotem diluted with noimal saline pioduced contiaction Bcie also, protein 
obtained fiom the corpuscles showed the gieatest effect 

To test the presence of adienalme m this piecipitated protein for the contrac- 
tion of intestine, two diffcicnt methods weie adopted 

In one senes, effects of oidinni> piotem (lecithin being used) and non salts 
w'ere tested on fiog’s intestine and the change of effect on addition of adrenaline 
to those solutions w as also noted 

In the second senes, the effect of adienalme was first tested and the change 
on addition of piotem and lion salt solutions to adrenaline was also noted In 
both these senes, adienalme w’as added m a dilution of 1 m 100 millions 

Fiom both these senes of expeuments, it was found that combination of 
adrenaline with piotem and non salt solutions pioduced the maximum effect 
Even m those cases, wdieie the dilution of piotem and non salt solution pioduced 
no effect on the intestine, addition of adienalme at once pioduced the desned 
effect 


* (») Scrum 1 m 500 contracts the frog’s intestine 
(u) Plnsma 1 in 50,000 contracts 
(m) Corpuscles 1 m 100 millions contracts 
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Solutions of oxylucmoglobm and metlucmoglobm were also tested separately, 
and it was found that oxyhremoglobm solution produced some effect but not the 
solution of methsemoglobm Moreover, it was found that addition of oxygen to 
the solutions of protein and iron, 01 to the solution of protein, iron and adrenaline, 
did not improve the condition of the perfused intestine 

B About the utility of this continuous secretion of adrenaline Sajous 
advocated (1918) and Menton corroborated (1923) the belief that adrenaline plays 
an imp oi taut part m assisting the combination of oxygen with haemoglobin, and 
it is this combined oxygen which is responsible for all the actions of adrenaline 
From the present series of expenments, while it seems to be true that adrenaline 
plays an important part in assisting the combination of oxygen with haemoglobin, 
no support could be found for the belief that tins combined oxygen is solely res- 
ponsible for all the actions of adrenaline 

On the other hand it might be suggested that the presence of adienalme is of 
absolute necessity for haemoglobin to cany out its normal function 

The continuous secretion of adrenaline can be said m general to serve to 
keep up the normal tone of different systems Tins normal tone is kept up m two 
ways — 

(i) directly, (zi) indirectly 
and these two processes work simultaneously 

What is meant by the indirect way of keeping up the normal tone is best 
explamed by an example The normal effect of adrenaline on the intestine and 
lungs is to inhibit their actions, and here adrenaline indirectly helps to keep up the 
normal tone of the intestine and lungs by antagonizing the effect of choline which 
is also normally present m these tissues and which is always stimulating these 
tissues 

High dilution of adrenaline circulating in the blood would have no obvious 
effect on the blood-pressure but here also the normal tone of vessels is kept up 
mamly by directly stimulating the muscle fibres and partly by indirectly 
antagonizing the effect of choline ^ 

In order to test this indirect way of keeping up the normal tone of the systems 
by adrenaline, supra-renal glands of a number of guinea-pigs were put out of function 
by injection of minute quantity of carbolic acid into the gland after openmg the 
abdomen under general ansesthesia Most of the animals did not survive the opera- 
tion and died within 24 hours But a few survived and on the third day these 
animals were killed and loops of intestine and uterus were taken out for recording 
the movements Neither intestine nor uterus showed normal movements but on 


* Amount of choline m various tissues (after Kinoshita) 

1 Small intestine 0 022 to 0 030 4 Pancreas 

2 Kidney 0 020 to 0 029 5 Spleen 

3 Muscle 0 016 to 0 032 6 Lung 


0 015 to 0 03 
0 012 to 0 03 
0 016 to 0 011 
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the oonirniy the movements wore extiemoly n regular and the muscles were in a 
state of peimnnent tonic confi action 

And fiom these experiments it can he safely concluded that adrenaline secreted 
m the body helps to keep up the normal tone of the systems by neutralizing the 
effect of choline wlnth is also piesent m the tissues normally 

So the relation of adrenaline to choline m onr s} stem can be summed up thus 

uheio choline acts as a piopondcrant hoimonc the antagonistic eiTcct of adrenaline 
is a depiessant, and w here choline influence is small 01 ml adrenaline is not a depres- 
sant but a stimulant * 

U Regarding the mode of action of tins ciiculatmg adrenaline It has been 
suggested from the pccuhai iclation of adionalme to the sympathetic sjstem that 
adienalme acts hj stimulating this sj stem But that such is not the case is shown 
by experimental evidences, for tissues supplied by severed nerte, especially after 
its fibres me degenciated, aic moie easily excited by adienalme Nor, regarding 
the suggestion Unit minute quantity of adienalme circulating m the blood may 
sei\c to maintain or mu case the lintabilit} of s\ mpathetic nerve-endmgs, can 
any experimental snppoit be adduced , foi animals deprived of supra-rcnals react 
as leadily ns nonnal animals to sympathetic excitant (Hoshms, 1914) 

^hilc it is true that adionalme stimulates the sympathetic nerve-endings 
oi the flow r of adrenaline secietion is regulated b\ various factors, tins is not the 
sole mode of action of adienalme As lias been said before, it is a general excitant 
and its presence is of absolute impoitance foi the life of the individual cells of our 
body and it acts as a stimulus to these individual cell-lit os 

And how does adrenaline act as a stimulus to these individual cell-lives ? 

It enters into some form of chemical composition with the physiological units 
on which it has action — theiebv some tinnsfomiation of enei gy is caused And 
this eneigy-tinnsfoimntion acts as a stimulus 

Now it may be questioned, if this secietion of adienalme be of such vital 
impoitance, hotv can the individual cell-life continue its function when the supra- 
icnals aie not functionating ? In nnsuenng tins question wc must remember 
that the ‘ adiennl system ’ docs not compusc on 4 a pan of glands but also there is a 
close relation between tins adienal system and othci glands of oiu body, So that 
even when tins pan of glands is out of function, the rest, of the adienal system and 
tlie related glands go on continuing this work But m such cases survival of life 


* Physiological effects of cholino — 

(i) It circulates in the blood m a dilution of a 1 in 100,000 to 400,000 
(tt) On tlio heart, it exerts a weak muscarine effect 
(m) On tlio blood pressure, it produces a fall 
(tv) On tlio intestine it merenees the ingus tone 
(t>) On tbo uterus, it increases the tone 
(m) On the oyo, it acts like pilocarpine 
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is only temporary and vanes m its duration m different species of animals according 
to the development of this adrenal system and to the establishment of inter-relation 
between the adienal system and other glands of the body 

So in old age when the secretion of adrenaline is decreasing gradually, every 
system of our body continues to lose its tone and the secretion of other glands also 
contmues to dimmish simultaneously Even in general diseases when the secretion 
of the adrenahne glands is rapidly exhausted the longevity of the individual cell- 
life is correspondingly diminished 


J, MR 
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STUDIES ON INDIAN SIMULIIDiE 


Part I. 


SI MU HUM HIMALAYENSE SP N , SIMULIUM GURNEY M 
SENIOR-WHITE , AND SIMULIUM NILGIRICUM SP N 


BY 

I M PURI, M sc (Punjab), ph d (Cantab ), fes, 

In charge , Inquiry on the Indiaoi Simulndce, Culicoides and other 

Blood- SucTang Midges 

[From the Genii al Research Institute , Kasauh ) 

[Received, for publication, September 9, 1931 ] 

Since Brunetti (1911) described a number of Indian Simulndse very little 
has been done on these insects m India, the only other works dealing with them 
being descriptions of females of three new species by Senior-White (1922) and two 
by Edwards (1927) The former described these species from Coonoor (South 
India) and the latter from specimens sent to him from North-East Kashmere 
Nothing has, however, been published so far on the early stages m the life history 
of the Indian Simuludse 

Durmg recent years, while working on the larvae of the Indian anophelme 
mosquitoes, I had occasion to collect and rear from pupae a large number of simulids 
from various parts of India and a study of this material has shown that the descrip- 
tions of many species, already described, are inadequate and may equally well 
apply to more than one species of Simulium occurring m this country Conse- 
quently it has been thought advisable to give, besides descriptions of new species, 
revised descriptions* of species already recorded from India, giving also such 


* It was to give adequate descriptions of the various species and tv deal with the large collection 
which had accumulated that an inquiry on the Indian Simuludaj was started under the TrwUnr, 
Researoh Fund Association an 


( 883 ) 



884 


Studies on Indian Svmuliidce 


olwiactcis as may later on be useful in making a comparative study of the group 
Moieovci, as most of the specimens in my collection have been bred out from 
isolated pupa), it has been possible for me to coirelate the males of the different 
species to their respective females and vice versa 

Ed v aids (1931) while dealing with the Simulndo; of Patagonia and South Chile 
lias given definitions of the vanous subgeneia into which the genus Simuhum can 
be divided Some of these subgenera, according to him, are the only ones that 
can safely be letamed (only as subgenera) out of the laigc number of genera into 
w Inch End ex lem lias bioken up the family A casual study of the collection at my 
disposal has shown that most of "the Indian Simulndae fall into the subgenus 
Simuhum, the rest coming under Evsmuhvm, but at this stage it is too early to 
say ns to how far the Indian species conform to the definitions of the subgenera 
as gi\cn by Edwauls It is intended to follow the classification as given by him 
till such time as a detailed study of the Indian Simulndrc show s any discrepancy 
in the definitions 

Edwards has at the same time described the vanous external characters which 
scive as the mam diagnostic features for the identification of the different species 
and these need not be desenbed here The only structures, which owing to a great 
deal of confusion m the teinnnology of the various paits composing them, need a 
special reference here are the termmalm of the male and female Pending a more 
detailed description of these paxts I give below r a brief outline of these structures 
sufficient for the piesent purpose 

The texminaha of male simuludre (Plate L, fig 5) consist of the ninth segment 
cauymg a pan of appendages , modified tenth and eleventh segmental structures — 
the pioctigci (Fiecbone, 1924) — cauymg ceici , and tlmdly a median genital mass 
The ninth teigite is laigc forming an expanded plate and ventrally there is a narrow 
bni -shaped stciinte (*9) Each appendage consists of a short basal portion, the 
coxilc (side-piece) (0) and a usually long massive terminal portion, the style (clasper) 
(s) The proetiger has doisally an oval plate, the tergite of segment 10 (flO) and 
towards its apex, on either side of the membranous anal opening a small hair beanng 
cercus (Cc) Whilst antenor to the eercus and smaller is on eitliei side a hair- 
healing protuberance — ; paiapiocts (Pp) The genital mass, which js very large 
and fleshy, consists of an anterioi poition, termed by Edwards the vcntial plate, 
which is frequently shaped like a median flattened hook and lies between the 
bases of the coxites — the vita -coxal piece (H), and a moie posterior mass 
springing fiorn the ventral aspect of the pioctiger — the mesosome, and carrying 
the genital opening (0) at its apex, with on each side of this a conspicuous 
line of strongly curved spines Ventrally on the mesosome is a chitimzed 


* I am gratoful to Cot Sir S R Christophers for his help and suggestions in regard to the homo 
logios and nomonolaturo given 
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plate which is continued proximally m a curve on to the inter-coxal piece 
In the various species the parts which mainly show specific diflerences are the 
form of the mter-coxal piece the size, form and structure of the styles and the 
relative size of the coxites 

In the female the termmaha (Plate L, fig 1) consist of a hut little modified 
segment 8, bearing posteriorly a pair of appendages, the antenoi gonopophyses 
{A G ), a ninth segment with a chitinized tergite and membranous ventral area, 
and a modified tenth and eleventh segmental mass — the p'locixge'i — carrying cerci 
The eighth tergite and stermte are well developed, the former bearing fine sette 
all over while the latter (s8) shows these usually on its lateral portions only, the 
median area being smooth The pair of appendages, the anterior gonopophyses 
(A G ) arise mtersegmentally one on each side of the median line and are directed 
backwards in the form of a pair of flattened plates separated by a narrow interval 
Dorsal to the appendages is the horizontal slit-like opening of the oviduct Lying 
on the membranous mtersegmental area arising on either side from the lateral 
arms of the ninth tergite (<9) and passing as a median chitinized rod along the 
oviduct is a Y-shaped chitimzation, the furca The ninth tergite is large, giving 
attachment at its narrow ventral terminations to the arms of the furca The 
proctiger, as in the male, has an oval plate dorsally, the tenth tergite (DO) and on 
either side of the membranous anal opening a flattened scoop-shaped hair bearing 
ceicus (Ce) Arising on each side of the anal opening and lying ventral to the cerci 
are a pair of rounded strongly chitinized protuberances, the paraprocts (Pp) 
These seem to be superficially divided into two unequal parts, a smaller 
mterno-antenoi and a larger external and postenor In the various species 
the terminaha show differences mainly m the form of the eighth sternum and 
of the anterior gonopophyses, the size of the furca, and the form and relative 
size of the paraprocts and cerci 

j 1 i fv-i 

Simulium (Simulium) himalayense sp. n 

FEMALE 


Head black, with fairly dense short black hairs on the occiput, but scanty 
on the face and only a few along the lateral borders on the frons Frons nearly 
black, distinctly shining, nearly rectangular, only a trifle narrowed just above the 
region of the antennas about one and a half times as long as its greatest breadth 
neai the top Face conspicuously dusted with silver grey Antennae with the 
scape and the two basal flagellar segments orange (varying in colour m theparatype 
specimens from yellow to orange), the rest becoming black gradually and havinu 
yen fine pale grey pubescence Palpi black S 

o1 ;;E Imax mostly black, somewhat shining, the antenor one-third with slight 
grey dostmg, which is deeper in the.antero-lateral angles of the mesonotmn and 
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wlacli when viewed from above appears as two rounded spots, one m each angle 
Mesonotum is densely covered with coarse golden pubescence Scutellum also 
vith coarse golddn pubescence and black marginal hairs Pleurae and sterna slate- 
grey, membi anous area of pleuTte bare 

Abdomen The first segment yellowish, with the fringe of long hairs golden 
The second texgite brownish yellow with silvery grey dusting Segment 3 dark 
brown, the rest nearly black (The colour of the abdomen varies m the different 
paratype specimens from black to dark-brown ) The segments posterior to 
segment 4 with short, scattered dark hairs, a few' being piesent also on segment 
4 dorsally The tergites of segments G to 8 sliming Terminalia (Plate L, fig 1) 
Seta? on the ventral surface of segment 7 are evenly spread out and are more 
or less adcqual m size Sternifce of segment 8 is somewhat rectangular m shape 
with a more or less straight posterior border The anterior gonopophyses 
(A G ) bear a large number of fairly stout seta? scattered all over, have a 
somcw'hnt thickened inner border and are shaped as m Plate L, £g 3 
Paraprocts (Pp) are thinly chitinizcd and are of moderate size and the cercl (Cc) 
also aie fairly small 

Legs Fore cove and trochanters pale-yellow , femora deep-yellow with 
the tip dark, tibice yellowish, the distal one-fourth black, the outer side 
with a large silvery pntch , tarsi (Plate L, fig 2) black, model ntely expanded, 
first segment about five times as long as it is broad at the distal end (Plate L, 
fig 2), segments 1 and 2 together a little shorter than the tibia? Segments 
1 and 3 wuth a pair of long black hairs subnpically on their posterior border 
Middle and hind coxae blackish, trochanters golden yellow, femora golden 
yellow giadually darkened near the tip, tibiae mostly golden yellow, dark 
near the distal end, with a large silvery patch on the basal two-thirds of the 
posterior surface, tarsi about equal m length to the tibia? Most of the first, 
basal half of the second and the base of the third tarsal segment of the middle 
leg and basal two-thirds of the first and base of the second tarsal segment 
of the hind leg yellowish, the rest of the tarsi black All femora tibia? and 
yellowish parts of the tarsi wuth golden pubescence Pedisulcus'* (P) w ell marked , 
calcipala* (Cp) of moderate size (Plate L, fig 3) All claws with a sub-basal 
tooth (Plate L, fig 4). 

Wings normal, hyaline , radius bare np to the fork Padial sector is simple 
and is a concave vein bearing set re on its under surface but none above Haltexes 
pale yellow 


* Pcdisttlciis 18 tbo name givon by Endcrlien to the dorsal incision near tlio base of the second seg- 
ment of tbo hind tarsi and Cain f ala to tlio flattened projection nt tbo tip of tbo first segment (bnsi- 
tarsus) of tbo land tarsus, extending boyond tbo bnso of the second Begment on tbo inner, and not the 
outer side, ns erroneously described by Edwards (1931) 
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Wing length. 3 mm , varying m many paratype specimens from 2 5 to 
3 1 mm 

The ventral surface of the buccal cavity with a small cluster of minute nodules 
at its posterior end 

Spermatheca single, globular m form and uniformly dark brown 
MALE 

Head black with a fringe of short dark hairs on the occiput, face whitish 
grey with scanty black hairs Antennae black with very fine pale pubescence 
Palpi black 

Thoiax velvet black, covered uniformly and densely with coarse, short golden 
hairs, and also long scattered black hairs on the prescutellar region Anteriorly 
are a pair of silvery spots broadly separated m the middle These spots are seen 
complete and not m halves, like those found m a similar position in S ornatwn 
Meigen In certain lights the mesonotum shows a broad silvery border laterally 
and posteriorly This silvery band is continuous with the anterior spots 
Scutellum black, covered with coarse golden hairs and a fringe of black hairs 
The membranous area of pleurae bare 

Abdomen velvet black with scattered short golden hairs on it Silvery lateral 
spots on segments 2 and 5-7, those on segment 2 brightest of all and connected 
with each other by a silvery spot along the anterior border of the segment dorsally 
The long hairs, on the basal scale black basally, gradually becoming golden brown 
towards their tips Genital aimatwe The genital armature (Plate L, fig 5) to 
some extent resembles that of S ornatum The coxites (C) are short, nearly as 
long as they are broad, the styles (s) are rather long, nearly three times as long as 
their width at the base, of more or less the same width throughout their length 
(m some specimens their distal end is, however, comparatively narrow) Each of 
them bears a single short spine subterminally on the inner edge The inter-coxal 
piece (H) has a fairly broad base, from which a thumb -like process projects 
downwards and curves forwards with somewhat toothed lateral edges m the 
proximal half The distal half of the mtercoxal piece is much thinner and bears 
fine setse on its outer surface 

Legs Fore coxae greyish yellow, trochanters and femora golden brown, dark at 
their distal ends, both covered with a short coarse golden pubescence The colour 
of the trochanters and femora varies m the difierent paratype specimens from 
golden brown basally to dark brown Tibia? and tarsi nearly black, the former 
with a large silvery spot on the outer surface, tarsi moderately flattened The 
middle and bud legs nearly all black Middle tibia? with silvery white dustme 
on the outer surface basally The basal half of the aid and hmd basrtars, and the 
base of the second segment of the hmd tars, golden brwn Bas, tarsus of the hmd 
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leg only moderately enlarged (Plate L, fig C) It is a little shorter than the tibia 
and its greatest width is about 0 7 of that of the latter 

Wings as m the female 

PUPA (Text-figure 1) 

Size about 3 3x11 mm 

The integument of the head and the thorax is light brown, with minute disc- 
like tubercles scattered all over The head bears the usual three pairs of short 
sensory hairs, the tnehomes, and there are four pairs dorsally and six pairs laterally 
on the thorax The submedian group of tnehomes seems to have only two 
hairs on each side, unlike most of the European species in which three pairs 
arc present (see Puri, 1925, p 332) The dorsal hairs are moderately long and 
are simple 

Dorsally on the abdomen there is a row of six to seven sensory hairs (four of 
which are often comparatively stouter than the rest) on each side of segment 2, 
and on segments 3 and 4 m place of the four hairs, nearest the mid-dorsal line, 
there are on each side four strong cuticular hooks pointing forwards On segments 
7 and 8 there is a row of backvnrdly directed cuticulai spines along the anterior 
border, a few- minute spines being present on segment 6 also Segment 9 has a 
pair of poorly developed sub-terminal spines and a row of poorly formed spines 
along its anterior border 

On the ventral surface segments 5-7 bear on each side a pair of strong cuticular 
bifid or trifid spines bent forwards One of them is usual}) simple on segment 5 
There is no such spine or thickened sensor) hair on segment 4 ventrally 

Eespiraloiy filaments (Plate L, fig 7) are about half as long as the pupa, 6 m 
number, arranged m three pairs, the upper and the lower pairs with short stalks 
while the middle pair arises practically directly from the mam stem The filaments 
all spread out near their origin and the uppermost filament is more or less at right 
angle to the lowermost one The surface of the filaments is covered with fine 
tubercles and ridges W'liich are airanged as m Plate L, fig 8 

The cocoon (Text-figure 1) is about 3 5x12 mm , not covering the pupa 
completely as its length at its dorsal end is only about 2 5 mm It is browm m 
colour, of the ordinary type, wall-pocket shape and loosely woven particularly m 
the anterior half but has no ‘ window's ’ oi wide spaces m the web Its anterior 
margin is thickened into a moderately strong rim There is no floor m the anterior 
half of the cocoon 

This species closely resembles S haclen Edwaids (1 928)* from Malay and 
S gurneyce Senior-White from peninsular India From the former it differs m 


* X am indebted to Dr F W Edw ards, sc p , British Musouui (Natural History), London, for 
souding mo a paratypo specimen of tS haclen for examination 
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having a slightly sliming thorax and m its having very little dark colour on its 
legs *S gw neycc (female), on the other hand, has a comparatively much more 
shining mesothorax and the structure of its pupa is quite distinct The pupa 
and the cocoon of hmalayanse closely resemble those of the European species 
S erythrocephalum De Geer (Puri, 1925, p 350) 



Text figure 1 

Simulium hirnalayense sp n Lateral view of pupa in cocood 
F — Respiratory filaments 


DISTRIBUTION 

I have bred out this species m large numbers from pupae collected from the 
following places Small streams around and m Simla (Stream below Annandale, 
height about 6,000 ft , 3 vn 26 , Samn Nala, about 5,500 ft above sea level, 
21 vu 26 , Stream North of Chhota Simla, about 6,000 ft , 6 ix 30 , and 
Chadwick Palls about 5,500 ft , 7 ix 30) , m the hills (heights above sea level 
ranging between 4,000-5,500 ft ) around Kasauli, September 1926 and October 
1929 , from streams near Pagu (8,000 ft ), Theog (7,000 ft ) and Matiana (8,000 ft ) 
all on the Hindu stan-Tibet Road (13 ix 30) , and from streams m Kurseong 
(nearly 5,000 ft ) and m Darjeeling (7,000 ft ) both m N E Bengal (August 
1928) 
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Theic is a specimen ( 9 ) in the Indian Museum, Calcutta, from Paresnath, 
West Bengal (4,000-4,400 ft) (N Annandale, 12 iv 09) and one (also a <?) 
m the Pusa Museum collection, maikcd Simla, X II 

Types foi the present m my own collection 

Simulium (Simuhum) gurneyae Semor- White (1922) 

From the description of the female given by Senior-White this species can 
easily be identified fiom among the difTeient species found m and around Coonoor 
but some difficulty is apt to arise when dealing with snnuhds from other parts of 
India I have hied out over 300 specimens both males and females from pupae, 
collected from Coonoor and some other pnits of India and ns a certain amount of 
va nation m the coloui of the legs has also been observed it is advisable to give a 
revised description of the female 

FEMALE 

Head black, with short black bans on the occiput and the face Frons 
nearly black, distinctly sinning, shghti) narrowed above the antennas, with a few 
fine somewhat golden bans along its lateral and dorsal borders Face dusted with 
silver grey Antenna? with the scape and two basal flagellar segments "varying 
in colour from > ellow to oiange oi reddish blown the rest dark brown to black with 
very fine greyish pubescence 

Thoiax ncaily black, somewhat shilling with silver-grey dusting m the fore 
corners forming an indefinite pattern Usuall) there is no othei greyish dusting 
on the doisum of the thorax but if present rt is in the form of three faint greyish 
stripes on the antcnoi two-tlmds of the mesonotum The whole of the mesonotum 
is covered with somewhat coaise golden pubescence Scutellum with dense golden 
pubescence and long black maigmal hairs Pleura? ash grey to dark gie) , membra- 
nous area of pleura? bate 

Abdomen The fust segment brownish, with a fringe of long pale golden 
hairs, the second segment dark-brown to black, with a large silver) grey spot 
and the rest black Dorsum of segments G-S shining and sparsely covered with 
veiy fine pale hairs Base of ventei yellowish to brownish Teimmaha as m 
hmalayeme 

Legs In most of the specimens front coxa?, tiochnnters and feruora j ellow 
Fore tibia? yellow', gradually darkened in the distal one-third, with a large silver)' 
spot on the outer side, taisi black, modciately expanded, the first segment five 
times as long as its greatest bicndth near its distal end Segments 1 and 3 wnth 
a pair of long black bans at then distal ends externally Middle and hmd coxa? 
nearly black, tiochantcis and femora yellow, tibia? yellow wnth a dark distal end, 
basally with a whitish sheen on the posterioi suiface Basal two-thirds of the 
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first and the bases of the second tarsal segments yellow, the rest black The first 
segment of the lund tarsus is only a trifle shorter than the hind tibire and a little 
more than half its width All femora, tibiae and yellow parts of the tarsi with 
golden pubescence Pedisulcus well marked , calcipala of moderate size, extending 
up to the pedisulcus All claws with a sub-basal tooth (which appears to be 
smaller than that m Iwmalayense) 

A few of the specimens of this species from Kodikanal (Palm Hills, S India) 
show a slight variation m the colour of their legs In these the trochanters, femora 
and tibiae instead of being pale or bright yellow, as is usual m this species, are slightly 
greyish yellow, the femora have dark distal ends and the tibiae have more dark 
pigment than usual The front tibiae are dark even at their proximal end In such 
specimens the thorax too seems to have more grey dusting on the anterior half 
of the mesonotum 

Wings normal, hyaline, radius bare up to the fork, radial sector simple, concave 
vem, having setae on its under surface Halteres yellow 

Wing length Specimens of this species from the South Indian hills are com- 
paratively larger and the average length of the wings is 3 4 mm , while m 
specimens from Mahableshwar, Savantwadi Ghat, Mercara (Coorg) and Gersoppa 
it is only 2 6 mm 

The cluster of minute tubercles on the floor of the buccal cavity is like that m 
himalayense 

Spermutheca single, dark brown and globular 


MALE 


Head black with a fringe of short blackish hairs on the occiput, face whitish 
grey, with scanty black hairs Antennal black with very fine pale pubescence 
Palpi black and of the usual form 

Thorax velvet black, covered uniformly and densely with short golden hairs 
In the fore corners of the mesonotum are a pair of silvery spots, only half of each 
reflecting light at a time In certain lights the sides and the hmd margins of the 
mesonotum also show a broad silvery band Pleurae dull ash grey, the membranous 
area bare 


Abdomen velvet black with lateral silvery spots on segments 2 and 5-7, those 
on segment 2 the brightest and connected with each other dorsally by a transverse 
grey spot along the anterior border of the segment The basal scale is black with 
the fringe of long hairs nearly black The abdomen has widely scattered short 
fine golden black pubescence on the dorsum and a number of long pale hairs arising 

“ 3 2 ~ 4 - Tle geraW ““*» a- J 
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Legs show a great variation 5 '' in their colour and a certain amount m the relative 
sizcof the basitarsus of thehind leg In the type male fore coxae greyish pale yellow, 
trochanters yellowish grey, femora golden grey with a dark tip, tibiae nearly black, 
v ith a large w lute spot on the outer side Tarsi black moderately flattened Middle 
coxae black, trochanters and femora as in the fore leg, the latter without a black 
tip, tibiae yellowish grey gradually darkened distally, tarsi dark grey (nearly black) 
except the basal half of the first segment which is slightly yellowish grey Hind 
coxae black, trochanteis and femora slightly yellowish grey r , tibiae nearly black, 
slightly yellow basally The tibiae are comparatively' narrower m the basal one- 
third than those m hmolayense Basitarsus yellowish m the basal half gradually 
becoming dnik grey to ncaily black distally, bases of second and third tarsal segment 
yellowish the lest nearly black The basitarsus is moderately enlarged It is a 
little shoi lei than the tibia and its greatest width is about 0 77 f of that of the latter 
and nearly' a quarter (0 20) of its own length 

"Wings as in the female Length 3 5 mm 

Besides specimens (of this species) bred out from other places, a large number 
of paratype specimens, along with a number of females, were bred from pupie, 
collected from various sti earns near the Pasteur Institute at Coonoor from w'hich 
locality' the type female was collected by Senior -White 

The It pc male is for the present m my own collection 

PUPA (Tcxt-figtue 2) 

Si/c about 3 3x13 mm 

The integument of head and thorax brown to dark brown, the anterior fcwo- 
tlurds of the mesonotum fiee from chitinous tubercles, present in the pupa of 
Jnmalayensc, vciy' minute tubeiclcs being piescnt only on the posterior one-fourth 
to one-third Tnchomcs, hooks, rows of cuticulnr spines and the subterminal 
spines as m himalayense, except that a sensor v hair on A'entrnl surface of segment 4 
is strongly clntim/ed and slightly' bent foi wards m tins species 

Respiratory filaments (Plate L, fig 9), about 2 G mm long Unlike those 
found m the other species, they' are metallic m coloui (dark grey to light grey) 

* In the males of this species from Mnlinblcshw nr and m a few from the South Iuchnn hills the 
trochanters, femora and the middic tibim arc practically all deep yellow, the hind tibiae and basitarsi 
also having more yellow on them than m the type specimen Forms haling intermediate coloration 
between the above and that found in the type n ale arc also common among the specimens from Ivodi- 
kanal (Even in specimens with pnle legs the fore and the hind fibire and tarsi lia\ o practically the 
sumo colour as in the tipe mnlo ) Among tho specimens from Kocbhnnal there is another form of 
male of this species In these the legs aro nearly all black, tho only yellowish pigment present being 
on the front cox-e and tho hind biiBitnrsi both of which nro like those m the type specimen Interne 
diato forms between tlie all dark legs and like those m the t\ pc nro also found but aio not ns common 
as beta eon the pale and tho typo form 

t In some specimens from Kodikanal the hmd basitarsus is comparatively broader while m some 
from Mabablcshvar it is narrower than m the typo but tlie intermediate forms aro fairly common 
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Si\ on each side, arranged in three pairs, the upper and the lower with very 
short stalks while the middle arises more 01 less fiom the mam stem The 
filaments deciease in thickness from above downwards, the uppermost being 
the stoutest of all, the upper filaments aie directed forwards practically straight 
out at then oiigm and after a very short com sc bend downwards, resembling 
the arrangement found m the European species S monhcola hried (Pun, 1925, 



Text figure 2 

Simuhum gurneyep S W A and B — Dorsal and lateral views of pupa respectively in cocoon 
(Lettering and scale as in Text figure 1 ) 


p 343) The surface of the filaments is raised into very small tubercles which 
are somewhat uniformly distributed there being no definite ridges 

Cocoon is dark brown, of the ordinary wall-pocket type (Text-figures 2 and 3), 
tough and compact without any windows It nearly covers the whole pupa Its 
length ‘at the base is about 4 mm and at the dorsal end is 2 7 min* its greatest 
width about the middle is about 2 2 mm The cocoon has a different sliape & to that 
found m Jiimalayense and is comparatively much wider 
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DISTRIBUTION 

Tins species was originally described from Coonoor (25 ix 20) and I have 
bicd out large numbers of specimens of this species from pupae collected from the 
following places From streams m and around Coonoor (6,000 ft ) 28-31 xn 27 , 
from a stream m Ootacumund (7,000 ft ) 16 l 28 , from Poona 21 xn 30 i 
from small streams near Old and New Mahablcsliwar (4,500 ft ) 23 xn 30 , 
Sticams crossing the glmt road between Rnvantwadi and Belgaum 29 xn 30, 
near Gersoppa (Bombay Presidency) 3 i 31 , streams m Mercara (Coorg) 9 i 31 
and streams m and around Kodikanal (Palm Hills) 24-25 l. 31 

Sitnulium (Simulium) nilgiricum sp N 

FEMALE. 

Head slate grey, with short black hairs on the occiput Frons slate grey, 
somewhat sinning, more or less rectangular, being not much nan cued in the region 
of the antennae, a little more than half as broad as it is long and has a few dark 
hairs along the lateral borders In the parat\ pe specimen these hairs as w ell as 
those on the occiput are somewhat golden Face with silver grey dusting, with 
scattered black hairs some of which are golden Antennae The scape and the 
basal segment of the flagellum arc yellowish gTcy, the rest dark (nearly black) with 
vciy fine pale pubescence In the paratype specimen the scape and the basal 
flagellar segment are i eddish m colour and the pubescence is somewhat golden 
Palpi black and of the usual form 

Thoiax dark, mesonotum only a trifle shining withgrejish reflections and fine 
grey dusting in the anterior region The grey dusting is m the form of a pair of 
rounded spots in the fore corners When viewed from in front the mesonotum 
shows four greyish lines, two broad submedinn separated from each other by a 
narrow black line and two narrow' lines only a little external to the broad ones, 
all these grey lines end posteriorly before the middle of the mesonotum The 
mesonotum is densely coveicd with coarse golden pubescence Scutellum also 
with dense golden and black marginal hairs Pleurae with ash grey reflections, 
membranous area bare 

Abdomen blackish brown (nearly black), the fringe of long hairs on the dark 
brown basal scale pale golden Second segment dark brown with a silvery spot 
dorsally, dorsum of segments 6-8 shining and sparsely covered with very fine pale 
hairs Venter dark browm Termmalia as m hmalayense 

Legs Front coxae yellowish brown, trochanters and femoia biowmsh, the 
latter gradually becoming darker distally, tibue dark brown with a silvery white 
patch on the outer side, tarsi brownish black, moderately expanded, the first segment 
being six times as long as its greatest wndtli at the distal end, segments 1, 3 and 5 
with a pair of long black hairs apically on the outer side Middle and hind coxae 
nearly black, trochanters and femora dark brown, tibiae yellow ish brown basally 
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gradually becoming dark brown m the distal two-thirds In certain lights the bases 
of the tibire with a whitish sheen on the posterior surface Basal third of the first 
segment of the middle tarsi yellowish brown and m the hind tarsi the basal two- 
thirds of segment 1 pale yellow and the base of segment 2 yellowish biown, the rest 
of the tarsi are brownish black (dark brown) All coxm, trochanters, femora and 
middle and hind tibiae with a golden pubescence Pedisulcus well marked , calci- 
pala of moderate size, comparatively smaller than in the other two species All 
claws with a small sub-basal tooth 

Wmgs normal hyaline , radius bare up to the fork The radial sector simple, 
concave vein bearing setse on its under surface Halteies pale yellow 
Wing length 3 mm 

A number of small ehitmous teeth-like tubercles form a cluster on the floor 
of the buccal cavity at its posterior end These teeth are a trifle larger than those 
found m Imnalayense and gwneyce 

Spermatheca single, daik brown and elobular m form 


MALE 


Head black with a fringe of short black hairs on the occiput Eace dusted 
with ash grey, with some black hairs Antennae black, with veiy fine pale pubes- 
cence Palpi black 

Thoiax velvet black, covered with short golden hairs scanty on the middle 
of the mesonotum (most probably rubbed oft) A pan of silvery spots m the fore 
corners of mesonotum, only one half of each reflecting light at a time In certain 
lights the sides and the hind margins (prescutellar region) also show a broad silvery 
band Pleurae with ash grey reflections , membranous area bare 

Abdomen velvet black with lateral silvery spots on segments 2 and 5-7, those 
on segment 2 brightest and connected with each other dorsally by a transverse 
giey spot along the anterior border of the segment The basal scale is brownish 
black with the fringe of long bans black with golden reflections On the dorsum 
are scattered short golden black hairs and some long pale ones arise latero-ventrally 
from segments 2-4 Venter dull brownish The genital armature is like that of 


Umalayense, the styles, however, appear to be somewhat larger comparatively 
and the projecting bp of the inter-coxal piece also is comparatively larger 

Legs predominantly black Eront coxae brownish black, posterior black, all 
trochanters and femora brownish black, the hind femora darker than the anterior 
ones Eront tibiae black with a whitish spot on the outer side, tarsi black, only 
slightly flattened, being nearly 8 times as long as its greatest breadth at the distal 
end Middle tibise and tarsi brownish black, hmd tibiae black, basal half of basi- 
ls’ 18 yellowish brown, the rest of tarsi brownish black Basitarsus of the hmd 

he w g n d 7 - a 6h0tter a “ tie a “ d ltS « reatest width (about 

the middle) is about 0 7i of the greatest width of the latter and nearly a quarter 
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its own length All the legs have a fair amount of golden pubescence on cox®, 
trochanteis, femora and libue 

Wing as in the female, length 3 mm 

The male v«y closely resembles the very dnrlc form of the male of gurneym 
fiom Kodiknnal fiom which it only differs in having a larger number of golden 
hairs on the legs than m the lat-tei species 

Desci ibed from tlnce females and six males all bred out from pupa) collected 
at C 0011001 , 28-31 xu 27 

Tjpes and pnratypes in my own collection 

PUPA (Text-figure 3) 

Si/e about 3 2x11 mm 



To\t figure 3 

Sunnlium mlgmcum ap n Lntoral -now of pupa m cocoon 
IH — Romania of larval eyo , F — Respiratory filaments , T — Thoracic trichomes 

(Soalo as in Tevt-figuro 1 ) 

Integument of head and thorax brownish, sparsely covered with chitinous 
tubercles wrbich are comparatively larger than m Imnalayense Trichomes, hooks 
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and lows of cuticulai spines and subtermmal spines as m Jmnalaycn&e, except that 
a pair of strong bifid spines curved forward is present on segment 4 ventrally, and 
a sensory liair lying near it is also slightly thickened 

Rcspii atony filaments (Plate L, fig 10) are about two-thirds the length of the 
pupa, dull black in colour, 6 on each side, arranged in three pairs— the upper and 
th£ lower of which have very short stalks and the middle one arises more or less 
directly from the mam stem All the filaments are more or less of the same thick- 
ness and spread out slightly from then origin The surface of the filaments (Plate L, 
fig 11) is raised into mmute tubercles which are of two kinds, the larger ones 
form a reticular pattern the interspaces being covered by the smaller tubercles 
The larger tubercles take the place of the ridges (folds) found on the filaments of 
himahyense 

Cocoon is of the ordinary wall-pocket type but the anterior border forming 
the open end instead of being directed forward, as usual, is curved backward 
(Text-figure 3) so that the length of the cocoon at its base is much less than at 
the top Length at the top is about 2 7 mm while that at the base is only about 
1 8 mm (c f cocoon of himalayense and qurneyce) The width at the anterior end 
is about 1 2 mm The cocoon is pale dirty brown, loosely woven but without 
any broad spaces or windows in the mesh It does not cover the pupa completely 

Summary 

Males, females and pupa; of two new species, one from the Himalayas and the 
other from the Nilgvri hills, have been described 

Male and pupa of >S gurneyce Senior-White have been described for the first 
time and a revised description of the female has been given 


Brunetti, E (1911) 
Edwards, P W (1927) 
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Explanation or Plate I 


EiK 


>» 

t » 


n 


Simulntm hmufoycnsc sp n 

1 Ventral \ io\v of (ho posteuor end of a para type female Scale A 

2 Tarsal segments of left front leg of a para type female Scale B 

Part of basitaisus and of second tarsal segment of left hind leg of a 
pnr.it) pc male, showing calcipala and pedisulcus Scale A 
•1 A claw from hind leg of a pnr.itype female Scale C 

5 Ventral mow of posterioi end of a pa rat) pc male Left sty le remo\ed, 
only one cerciis shown Scale A 

G Tibia and t.usus of left hind leg of n paraty pc male Scale D 
7 Respiratory filaments of left side of papa Scale D 
S Pait of the surface of respiratory filaments cnlaigcd Scale C 
9 Simulium gurncycr S W Respirntor\ filaments of left side of pupa 
Scale D 


Snnuhum mlgiricum sp n 

,, 10 Respiratory' filaments of left side of pupa Scale D 

,, 11 Pat t of surface of a respiratoiy filament enlarged Scale C 

AG — anterior rjonopopht/i>cs , C — coxites, Cc — C’crci , Cp — Calcipala, H — 
Intcrcoxal piece, O — Genital opening, P — pedisulcus, Pj> — paraprocts , S — 
stvle , s8 and &9 — 8th and 9th storuites rcspectn cly , 1 9 and tlO — 9th and 10th tergites 
respectively 
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The foui species described m this paper, like those dealt with m Part I, belong 
to the subgenus Simulium, having basal section of radius bare, front tarsi flattened, 
claws of female without a basal tooth and the tergites of abdominal segments 6-8 
shining They are all characterized by having a more or less shining frons m the 
female and 6 respiratory filaments m the pupal stage 

Except the species S ramosum, which has been based on the distinctive struc- 
ture of the pupa the othei three can be easily separated from one another and from 
the three species, described in Part I, of this study, on the character of the termmaha 
of their males and females It has been observed that the termmaha of the female 
are as useful for the identification of the different species, as those of the male, 
which only are usually described by most people working on this family 

Simulium (Simulium) rufibasis Brunetti 1911 
S rufibasis was described by Brunetti (1911) from a single female collected at 
Kurseong (Darjeeling District, N E Bengal) by Dr Annandale (18 vi 10) I 
have since bred out from pupse a large number of males and females of two distinct 
species the adult? of which resemble each other very closely and the description 

( 899 ) 
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of the female given by Brunotti applies moie or less to the females of both of them 
It would have been difficult to decide definitely as to which of them was lufibasis 
but, foitunafcly, wheicasboth the species occur together m the hills around Simla 
only one has so far been collected from Kurseong and its vicinity Consequently 
thcic is no doubt ns to the correct identification of the species herein described 
as lujibasis, and complete descriptions of the female, as veil as of the male and 
pupa of which arc given below 

FEMALE 

Head gicyish black with short slender dark hairs on the occiput, present 
though scanty on the face and a few also on the lateral borders of the frons Frons 
distinctly shining, greyish black, in ceitnm lights appearing black, with nearly 
parallel sides, about one and a half times as long as its greatest width at the top 
Face dull ash gi cy In some specimens from Kurseong and m a number from other 
localities it is compniatively bglitei Ilian in the t) pe female Antenna In the 
type specimen the scape and two basal flagellar segments are deep orange and the 
rest is brovmish black w it li n fine pale grei ish pubescence The colour of the three 
basal segments is, howcvei, vciy x nimble, van mg from pale vellow to greyish 
yellow and oinngc to reddish blow n In some specimens only the proximal halves 
of the tluee basal segments arc reddish brown and the lest nearly black Palpi 
reddish brown to black 

Thorax Mesonotum black, somcv hat shining but when viewed fromm front 
it is dull grey up to picscutellai area which is black In some specimens this 
greyness is more marked in the antcrioi i cgion in the form of a pair of large rounded 
silvery spots Mesonotum sparsely cox ci cd w ith brassy pubescence, partly rubbed 
off in the type Scutellum slightly 1 eddish biown in tvpe but varying m colour 
from daik brown to black, with black marginal bans and a few golden hairs* 
scattered along the margin When viewed from in front the scutellum appears 
greyish m some specimens Plcurm and stoma dull, slate grey, membranous area 
of pleurae hare 

Abdomen biowimh black, second segments with light greyish dusting The 
fringe of hairs of the basal scale vary m colour from black to slightly golden 
Tergites of segments 6-8 shining, with scattcied short and slender pale hairs, some 
present also on the anterior segments Tcrmmaha (Plate LI fig 1) The ventral 
surface of segment 7 bears a pan of submedian clusters of fairly long and thick 
black seta (Plate LI, fig 2) Stermte of segment 8 is comparatively narrow with 
more or less pointed lateral ends and bears only a few long bans antero-laterally 
Anterior gonopophyses with only a few short bans near then antcrioi borders, 
their inner border is not thickened and is more or less straight Paraprocts are 


* Rubbed off in fcho typo specimen 
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thinly chitimzed, except their mterno-antenor portion which is comparatively 
thicker and bears comparatively finer setse , cerci are of moderate size 

Legs Fore cox® yellow , trochanters brownish yellow, femora dark brown, 
somewhat pale at the basal end but nearly black distally, tibiae pale yellow, the 
distal one-third (to one-fourth) black, the outer side with a large silvery white 
patch , tarsi black, moderately expended, first segment a little less than five times 
its gieatest width at the distal end, and segments 1 and 2 together a little shorter 
than the tibice, segments 1 and 3 with a pair of long black hairs subapically on their 
posterior border Middle and hind cox® black , trochanters dark brown , femora 
dark brown nearly black distally , tibi® pale yellow m the basal two-fifths to one- 
third, gradually becoming black distally with a large silvery patch on the posterior 
surface of the basal half , taisi a little longer than the respective tibiae, basal 
one-third and basal half to one-third of the first tarsal segment of the middle 
and hind tarsi respectively, pale yellow, the rest black * Femora, tibi® and 
pale parts of the tarsi with sparse fine, brassy, pubescence Pedisulcus well 
marked , calcipala of moderate size, extending up to pedisulcus All claws simple 
(Plate LI, fig 3) 

Wings hyaline , radius bare up to the fork , radial sector simple, concave 
vein bearing set® on its under surface Halteres pale to orange yellow , stalk 
dark basally 

Average wing length 2 5 mm 

The ventral surface of the buccal cavity at its posterior end bears a cluster 
of minute nodules 

The furca is slightly expanded at its anterior end and the spermatheca is 
single, globular m form and uniformly dark brown 

MALE. 

Head black with a fringe of short dark hairs on the occiput Face whitish 
grey, having a whitish sheen m certain lights and with scattered black hairs 
Antenn® black with very fine whitish pubescence Palpi black 

Thorax Mesonotum velvet black, covered uniformly but sparsely with fine, 
copper colouied pubescence, and also long scattered black hairs on the prescutellaT 
region Anteriorly are a pair of elongated silvery spots broadly separated in the 
middle These spots have a somewhat metallic sheen and are seen more or less 
complete In certain fights the mesonotum shows a broad silvery border laterally 
and posteriorly, connected m front to the anterior spots Scutellum is black with 
only a few fine copper coloured hairs and a fringe of long black hairs Pleur® 
with a silvery sheen, membranous area bare 


* Out of about 30 specimens two bad 


even darker legs 
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Abdomen velvet black, with a few fine hairs like those on the mesonotum 
Usual silvciy spots picscnt on segments 2 and 5-7 Long hairs on the basal scale 
ncnily black Genital aimalwe (Plate LI, fig 4) Somewhat resembles that 
of S Jnmalaycnse (Pun, 1932) Coxites short, a little shorter than their breadth , 
styles long, about tlnce tunes as long as their breadth near the base They are 
slightly widei a little beyond then base and m this region on their dorsal surface 
they bo, u a clustei of w ell-developed denticles Distally the styles are a little 
n.uiowci than m the pioxnnal half Each bears a single short spine subtenmnall) 
on the innei edge The mtei -coxal piece has a short moderately broad base from 
winch a lnoad tongue-like piocess piojcets downwards and curves forwards This 
piocess is densely coveied all ovei with fine conspicuous setm 

Legs aio black, except foi a laige sihei) white patch on the outer side of 
foie tibne and a slight paleness at the base of the middle and fund tibiae on their 
postenoi mu face Tin base of the 1st tail'll segment of middle leg and the basal 
one-thnd oi so of the bnsitaisus of the hind leg aie also slighth yellowish Pore 
(«n si ai e modoi.itoh expended, the fust segment is a little shorter than six times 
its gicatest biendth at its distal end The bnsitaisus of the bind leg (Plate LI, 
fig 5) is much enl.uged , its length is 0 8 of that of the tibia and it is a little wider 
than the gicatest width of the lattei and 0 3G its own length 
\\ mgs as m female 

A numbei of paint jpe spec linens along with a nuinbei of females of this species 
weie bled out fiom puptc collected fiom vanous sticams m and around Kurseong 
fiom which locality the type female was ongmull} descnbed The type male is for 
the piescnt m mv own collection 

PUPA 

Si/e about 2 5x10 mm 

The integument of the head and thorax biownish, coveied wath moderate 
sirnl disc-like tubeicles Tiichomcs (Plate LI, fig G), hooks, lows of cuticular 
spines and the subteimmal spines as m hwialayensc, except that on the ventral 
surface of segment 4 thoie is a pan of stiong bifid spines cuived forward and the 
subterminal spines aie comparatively pooily developed 

Rcsyniaiony filaments about 2 0 mm long, light giey, somewdiat metallic, G 
on each side, ananged in thice pairs, the uppei and the low T ei with a short stalk 
while the middle one may have a slioit stalk oi may anse more oi less directly from 
the mam stem The uppcimost filament is directed fonvaids and upwaids and 
after a slioit. com sc bends downwards more or less at right angles All the filaments 
run piactic.xlly parallel to one another (Plate LI, fig 7) Tile uppermost filament 
is the stoutest of all winch decrease slightly in thickness from above downwards 
The ail nngement of the ridges and tubeicles on the sui face of the filaments resembles 
that found m hmalayense 
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Cocoon is light brown, of the ordinary wall-pocket type resembling tliat of 
Jnmalayense It is fairly compact without any windows or spaces m the mesh 
It nearly covers the pupa Its length at the base is about 3 0 mm , while at the 

top it is 2 5 mm and its greatest width at its anterior end is 1 4 mm 

DISTRIBUTION 

I have reared specimens of this species from pupae collected from Balasan 
River and other streams near Mananbane, Bengal Tarai (March 192/) , various 
streams m and around Kurseong (August 1927) , small streams crossing the 
Kalka-Simla Motor Road (near Kandaghat) (27 vm 29) , streams around Simla 
(stream below Annandale, about 6,000 ft , 3 vn 26 , stream north of Simla 

E about 6,000 ft , 6 ix 30 , Chadwick Falls, about 5,500 ft , 7 ix 30) breeding 

together with Jnmalayense , from large toirential streams crossing the Hrndustan- 
Tibet Road (mile 30/31 from Simla) about 8,200 ft , 11 ix 30, m conjunction with 
a number of other species 

Simulium rufibasis var fasciatum Nov var 

Among the specimens of S mfibasis bied out from pupae collected from parts 
of the Western Himalayas a certain number of males and females appear a trifle 
larger m size and, although hatching out of pupae identical to those of the type 
show a certain amount of difference, m their ornamentation, from that of the type 
species The differences between the males are so marked and constant that at 
first sight they indicate a separate species but in view of the fact that the pupae 
and their cocoons do not show even the slightest difference and that the differences 
between the females too are very slight it has been thought advisable to describe 
these specimens as only a variety of rufibasis 


FEMALE 

The female resembles that of the type very closely differing from the latter 
only m having a trifle paler legs The thorax appears to be comparatively duller 
and when viewed at a certain angle from behind it shows a pair of very small silvery 
grey spots near the anterior border of the mesonotum These spots are not very 
clear m the type species 

Legs Fore coxae and trochanters pale yellow , femora brownish yellow in 
the basal one-third, gradually becoming brown to black distally , tibiae yellow, 
distal one-fourth to one-fifth black with a large silvery spot on the outer side 
tarsi black, moderately expended, first segment about five times its greatest width’ 
Middle and hind coxae black, trochanters greyish yellow, femoia black with 
pale bases, the basal two-thirds and a little more than the basal half of the middle 
and mud tibiae respectively pale yellow, the rest becoming black gradually Ba«. 1 
Wfeds of the first and tie bases the second tarsal scents “ ellow, tte 
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of tarsi black Tlic legs have comparatively more golden pubescence than in the 
type species 

Wing length about 2 9 nun 

MALE 

The males differ from those of the type species in their size and the ornamenta- 
tion of the tli ora x and the legs, resembling the latter m all other respects 

Thorax is black but the velvety appearance is not well marked Mesonotum 
covered uniformly and fairly densely ruth short golden hairs which are 
comparatively much coarsci than m the type species When seen from m front 
the mesonotum shows a pair of laige silvery spots which are not seen complete 
and three narrow silvery stripes running longitudinally, one median and two 
submecban, the latter meeting the inner borders of the rounded spots anteriorly 
All the three lines are connected with each other by a transverse line just m front 
of the prescutellai legion As the specimen is slowly turned and the angle of 
vision changes the large rounded spots and the lines disappear and the part of the 
large spots not visible previously is now seen as a rounded spot at the anterior 
border of the mesonotum The mesonotum shows a broad silveiy border laterally 
and posteriorly, this band being connected to the rounded spots anteriorly In 
certain lights, m some paiatypc specimens, the area between the three lines and 
the anterior half of the mesonotum has a silvery sheen and in others the 
longitudinal strips are not w ell marked but the silvery greyness of the anterior 
half is only present 

Legs Fore coxae yellow, postcnoi ones black , all trochanters dark grey with 
yellow bases , all femora black with yellowish bases Fore tibiae yellow in basal 
two-tlurds, the rest black, the outei surface with a laige silvery white spot , tarsi 
black moderately flattened, the first segment about six times as long as its greatest 
breadth at the distal end Middle and bind tibiae j'-ellow in the basal half, black 
distally, with a silveiy sheen bnsally on the posteiior surface , basal one-third of the 
1st and the base of the 2nd tarsal segments yellow , the rest of tarsi black The 
basitaisus of the hind leg is much flattened It is a trifle shorter than the tibia 
and a bttle broader than the latter, about 0 38 of its own length * Out of 13 male 
specimens of this variety m one the tibue aic comparatively darker and only a small 
portion of the posterior two pairs is yellow 

Length of wing 2 8 mm 

Described from 17 females and 13 males all bred out of pupar collected from 
Simla (small stream East of Chhota Simla 6,000 ft , 6 ix 30 , Chadwick falls, 
7 ix 30), a number of stieams crossing the Hmdustan-Tibet Eoad between 


* The logs m tins variety hare the nppearnneo of being bandod 
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Theog and Narkanda, 7,500-8,500 ft and fiom a fast lull stream at Naranag 
(Kashmir), September 1930, the last by Colonel Sir S B Christophers 
Types and paiatypes for the piesent m my own collection 

Simulium (Simulium) ramosum sp n 

The adults of this species resemble those of S rufibasis so closely that, m spite 
of a minute and careful study, I have not been able to find any constant difference 
between them, but the difference in the pup® are so marked that I have no hesita- 
tion m treating them as belongmg to two distinct species Only slight differences 
are found between the males Some paiatvpe females have a little paler legs than 
m the type specimen and resemble the vanety fasciaimn 


MALE 

In the male the pubescence of the thorax resembles that found in fasciaimn 
The silvery grey spots are large and only half of them is visible at a time, the longi- 
tudinal stripes are absent though m some specimens a slight silver grey dusting 
is seen on the anterior portion of the mesonotum between the two rounded spots 
Genital aimature resembles that of rufibasis , the styles, however, appear 
comparatively a tnfle broader dis tally and the clntmous teeth forming a cluster on 
the dorso-mternal surface about the middle are somewhat bigger but this has been 
seen even m some specimens of the variety fasciaimn also 

Legs are black, excepting the following portions , coxae, trochanters and bases 
of femora of front legs are yellowish, basal half of the basitarsus and the base of the 
2nd tarsal segment of the hind leg are yellow Besides the large silvery spot on the 
outer side of the fore tibiae, the bases of the middle and hind tibiae also have a 
whitish sheen on the posterior surface Unlike the hmd basitarsus of mfibasis 
male only the basal third of which is diffusedly yellowish, m this species the yellow 
and black halves aie well marked and the yellow colour is not mixed up with the 
black The hmd basitarsus appears comparatively less broad It is a little 
shorter than the tibiae and about as wide as the latter and 0 35 its own length 
It also seems comparatively less wide m its proximal poition than the hind 
basitarsus m rufibasis 

Wing length is about 2 9 mm 

Described from 17 males and 16 females all bred out of isolated pupge collected 
from various streams m the Simla hills breeding together with rufibasis and 
himalayense 


PUPA 

Size about 3 0x14 mm 

The integument of the head and thorax brown to dark brown covered with 
flattened clntmous tubercles, those covering the anterior half oi tuo-thirds of the 
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mesonotum (Plate LI, fig 8) aio comparatively larger than those m rufibasis 
Cephalic and thoracic tnchomes moderately long, and branched, those m the. 
submcdinn gioup splitting near their base into 4 to 7 diverging branches On the* 1 
abdomen hooks, imvs of cuticulai spines and subtermmal spines as in rufibasis, 
a pair of stiong bifid spine being picscnt on the ventral surface of segment 4 

Jicspv aloitj filaments —Then aveiage length is 2 2 mm , about 0 7 of the length 
of pupa, somew hat dull daik grey m colour , G on each side airanged m three pairs, 
the upper and the lower of which have a shoit stalk while the middle one appears 
to ansc fiom the somewhat dilated stem of the upper pair (Plate LI, fig 9) The 
bases of the uppci four filaments arc slightly swollen The filaments curve down- 
wards fiom then origin and run parallel to the hordci of the cocoon The surface 
of the filaments shows a similni structuic as seen in S mlqmcum but m some 
specimens ridges too are to be seen 

Cocoon is dirts biown, of the oidinai) wall-pocket t)pc, tough and compact 
without any space oi windows in the mesh It has a fairly strong anterior rim and 
ncnily coveis the pupa Its length at the base is 3 3 mm and at the dorsal end is 
2 5 mm , its greatest width lieai tlic antenor end is about 1 7 mm 

Simulium (Simuhum) christophersi sp N 

FEMALE 

Head black, with fanly dense shoit black hairs on the occiput Frons dark 
giey, somewhat shining, a trifle nanowed in the legion of the antenna? a little 
longer than its greatest breadth near the top, with sparse slender dark hairs on its 
lateral and ventral poitaons Face dusted with whitish giey, with scant) short 
black bans Antennae with scape and basal fingellni segment dark brown the 
rest black, with a fine whitish pubescence In some pain type specimens antennie 
are completely black Palpi black 

Thoutx Mesonotum covered with pale golden pubescence, when viewed 
from in fiont it is greyish with a nanow median and fcw o broader submedian black 
lines forming a lvie-shnpeci mark , the submcdinn lines are continued laterally along 
the antcnoi bordci and aio connected to a black strrpe running alon" the lateral 
border , when viewed fiom behind the colours me as usual reversed, the lateral 
stupes and the poilion connecting it anteiioily to the submedian lines become 
conspicuously silvery Scutcllum black with golden pubescence and black 
marginal bans Pleuue daik gi cy membranous aiea baie 

Abdomen black, piacticall) bare long bans on basal scale golden, second 
tergitc with silvei) giev dusting Teigites of segments G-8 very laige and shining 
with some shoit black bans Ycntei pale biownish Tcummha (Plate LII, 
fig 10) Hans on the ventral suiface of segment 7 uniformly distributed 
Stenntc of segment 8 with drawn out nauow r lateral ends, postenor bolder sharply 
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rounded, comparatively short and fine hairs on the lateral portions, the middle 
third free from hairs Anterior gonopophyses with a number of rather short 
bans scattered all over, their mterno-lateial border slightly curved and thickened 
Paraprocts poorly chitmized and the ceici comparatively small 

Legs Pore coxte and trochanters pale yellow, the latter dark grey distally 
femora yellowish with the tip yellowish black , tibiae pale yellow, the distal one- 
fifth nearly black, the outer side with a large whitish patch which is not conspi- 
cuously silvery , tarsi black only slightly flattened, the first segment about six 
tunes as long as its greatest width at the distal end Segments 1 and 3 with the 
usual pair of long black hairs subteimmally on their posterior border Middle 
and hind coxae black , trochanters yellowish with dark distal ends Middle femora 
dirty pale yellow with a black tip , tibiae yellowish gradually becoming dark m the 
distal one-third, the posterior surface with a whitish sheen Base of the first 
segment slightly yellowish, the rest of the middle tarsi black Hind femora and 
tibiae dirty yellow, gradually becoming black m the distal one-fourth,* the latter 
with a whitish sheen on the posterior surface of its basal half , first tarsal segment 
yellowish, gradually becoming black m the distal one-third and with its anterior 
border black, basal half of second segment yellowish black, the lest of the tarsus 
black All yellow parts of the legs with fine pale golden pubescence Pedisulcus 
well marked, calcipala of moderate size All claws comparatively slender, and 
with a poorly developed sub-basal tooth (Plate LII, fig 11) 

W^ngs Normal hyaline , radius bare up to the fork , radial sector a concave 
vein, with fine hairs on the ventral surface Halteres yellow 

Wing length about 3 2 mm 

At the posterior end of the buccal cavity is a cluster of very short upright 
conical processes arising from the ventral surface, m place of the cluster of minute 
nodules present in the other species described m this paper 

Anterior end of the furca is not flattened and the posterior limbs are widely 
separated Spermatheca single, globular, and uniformly dark brown 

MALE 

Head black with a fringe of shoit black hairs on the occiput Face, whitish 
grey, sparsely covered with black hairs Antennae black with a very fine whitish 
pubescence Palpi black 

Thorax Mesonotum velvet black, covered uniformly and fairly densely 
with short golden hairs In the type specimen the velvety sheen of part of the 
mesonotum has been rubbed ofl and such parts have become slimy and some of the 
golden hairs have also been rubbed ofl Anteriorly are a pair of elongated silvery 
spots broadly separated m the middle The spots are seen whole and not only 


* In some paratype specimens there is more black pigment on the legs 
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half at a time In ceitam lights the mesonotum shows a narrow silvery border 
latcially and an inconspicuous one posteriorly The lateral band is continuous 
with the anterior spots Scutellum black, covered with golden hairs and has a 
fringe of long black hairs Membranous area of pleurae bare 

Abdomen velvet blade, with scattered short golden hairs on the dorsum and a 
small cluster of long black hails arising ventro-latei ally from segments 2-4 Silvery 
lateral spots ns usual on segments 2 and 5-7 Long hairs on the basal scale black 
Genital armaline (Plate LII, fig 12), to some extent resembles that of S hma- 
layensc The coxites arc short, about as broad as they are long , styles are com- 
paratively long, nearly three times (or a little more than three times) as long as 
their breadth neni the base, of more oi less the same width throughout their length 
On their dorsal surface m the proximal one-third the^ bear a small protuberance 
bcaiing shoit fairly thick close-set setae The single subtenmnal spine on the inner 
edge of each of the styles is comparatn elj vcr\ short The inter-coxal piece has a 
moderately broad base from which a slightly flattened kecl-hhe piocess with two 
rows of strongl) clntini/ed teeth on its free edge projects downwaids This process 
is continued foiward as a nariow somewhat thinly clutini/cd projection beanng 
fine backwardly dnected setae along its lateral borders The anterior clntmization 
of the mesosome just behind the coxites, arc comparatively much broader than m 
hmialaycnsc 

Leys Foie coxae brownish yellow, postciior ones black All trochanters, 
femora and tibiae biowunsh black with their distal ends black, the middle compara- 
tively lightci in the basal half than the others Fore tibia? with a laige whitish 
spot on its outer suiface and the middle and hind ones with a faint whitish sheen 
on their postciior suiface basalp Foie tarsi black very little flattened, being 
nearly 8 times as long as their greatest breadth at the distal end The basal half 
of the hind basitarsus greyish black, the lest of tarsi black The hind basitarsus 
moderately enlaiged (Plate LII, fig 13) It is a little shorter than the tibue (0 74 
of the length of latter), about as broad as the latter and about one-third its own 
length The legs bear scatteied golden pubescence which is not very conspicuous 

Wing as in female 


PUPA 

Size about 3 0x11 mm 

The integument of the head and thorax biomi to dark brown, smooth and 
shining, free from any disc-like tubeicles, except m the legion of the metanotum 
where there are a few very minute ones Head and thoiacic tncliomes as m 
Inmalayense, simple, modciately long Doisal and ventral hooks on the abdomen 
and subterminal spines as m Inmalayense Only m exceptional cases is a sensory 
ban slightly thickened on the vcntial surface of segment 4 Doisally along the 
antenoi bolder of segment 8 are a pair of submedian gioups of backwardly directed 
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cuticulai spines airanged in a row, a few minute spines being present m a similar 
position on segment 7 and still smallei ones on segment 9 

Uespn atoi y filaments (Plate LII, fig 14) — About two-tbirds tlie length of the 
pupa They are wlntisli, 6 on each side, arranged m 3 pairs, the upper and the lower 
with short stalks while the middle usually arises from the mam stalk The main 
stem is directed straight out from the pupa and the filaments bend downwards 
from their origin (as shown m Plate LII, fig 14) and run more or less along the 
border of the cocoon The surface of the filaments is raised into tubercles of two 
sizes, the large ones form a reticular pattern and the smaller ones fill up the inter- 
spaces, resembling the arrangement found in S nilgincum There are no ridges or 
folds on the filaments as found on those of Inmalayense 

Cocoon is of the ordinary wall-pocket type, closely woven without any spaces 
or windows, thin but compact and somewhat shining Its anterior border is slightly 
thickened The size of the cocoon appears to be different in the male and the female, 
that of the former being a trifle smaller The average length of the cocoon of a 
female pupa at the base is 3 6 and at the top 3 0 mm , while that of a male pupa 
at the base is 3 2 mm and at the top 2 8 mm The average width of the cocoon 
is 1 4 mm The cocoon covers the pupa completely 

Described from 29 males and 38 females all m good condition and bred out of 
isolated pupae 

Types and paratypes for the present m my own collection 

I have great pleasure m naming this species S chnstophersi after Colonel Sir 
Samuel Rickard Christophers, who bred specimens of it from pupae collected from a 
torrential stream at Nara-Nag, Kashmir (about 7,500 ft above sea level), September 
1930 I have found this species breeding in very large numbers occurring together 
with S rufibasis and ramosum m various streams crossing the Hmdustan-Tibet 
Road between Matiana and Narkanda (8,000 ft -9,000 ft ) In some places big 
boulders, over which water was flowing, were completely covered with innumerable 
larvae and pupae of this species (September 1930) 


N 


Simulium (Simuhum) nitidithorax sp 

REMALE 

Head black, with scanty fine black hairs on the occiput and the face a few 
along the lateral border on the frons also Frons black, markedly shining,’ rather 
narrow, a little less than twice as long as it is broad about the middle * a little 
narrowed just above the region of the antennae Face also shmmg, greyish black 
ntennae with scape and two basal flagellar segments yellow, the rest vellowish 
black, covered with a fine pale pubescence The colour of the scape and two basal 
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segments varies m the different paratype specimens from yellowish to orange and 
reddish brown and the rest of the antenna fiom yellowish or brownish black to 
black In some only the scape and one basal segment are orange, the rest of the 
antenna being black Palpi black 

Thoiax Mcsonotum greyish black, markedly sliming, with a slight metalhc 
tmgc, spaisely covered with very fine short black hairs Scutellum also black 
with black marginal hairs, piescnt also on the prescutellar area Pleune dull 
greyish black, membranous area bare 

Abdomen nearly black, piacticall} bare, fringe of hairs on the basal scale 
fairly shoit, pale golden Second tcrgite with the usual greyish reflections, tergites 
of segments G-8 veij large, slightly brownish black and shining, those of 6 and 7 
with scattered veiy shoit pale hairs while 8th with black, comparatively longer 
hairs Tenmnaha resembles those of nifibasis ven closely but the short hairs 
on the ventral smface of segment 7 aie scattered and scanty and the pair of clusters 
present in the lattei species ate absent Steimtc of segment 8 lsnbbon-like with 
slightly narrow, rounded lateral ends as m mftbasis , its middle half free from hairs, 
a few stout ones present onlj on the lateral portions Anterior gonopophysis well 
developed, free from long stout maciosetas, if piescnt only a few short slender ones 
near then anterior bordei Innci boidei comparatively slightly thickened and a 
little concave leaving a nanow space between them 

Legs Fore coxa? ycliov , trochanters )ellov, dark distally , femora yellow 
in the basal half becoming blackish distally , tibia? dark, nearly black mthe distal 
half, with large silvery white patch on the outer surface , tarsi black, moderately 
expanded, fiist segment about 5 times as long as it is bioad at its distal end 
Segments 1 and 3 with a pan of long black hair subapically on their posterior 
surface Middle and hind coxa? black Middle tiochantei yellowish brown, 
femoia and tibia? biowmsh black, the latter with a silvery sheen basally on the 
posterior surface Hind trochanters yellow , femoia and tibia? brownish black 
with the bases yellomsh, the lattei daiker than femora and with a silvery white 
sheen basally on its postenoi suiface Basal thiee-fourtlis of the 1st and the basal 
half of the 2nd segment of the middle and hind tarsi yellow, the rest black 
Calcipala moderately laigc extending up to pedisulcus which is well marked 
All claws simple 

Wing Normal hyaline , radius bare up to the fork , radial sector a concave 
vem bearing setae only on its ventral surface Wing length 2 3 mm (average 
length m the paratype specimens is 2 2 mm ) Halteies pale yellow 

Nodules forming a cluster on the ventral suiface at the postenoi end of the 
buccal cavity are veiy minute 

Furca of the usual foim, its anterior end not much flattened, Spermatheca 
single globullar, uniformly dark brown 
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MALE 

Head black, with a fringe of short, pale hairs on the occiput, Face dusted 

with whitish grey, with scanty dark lions 

Thom x Mesonotipn velvet black, with scatteied vciy fine copper coloured 
pubescence mostly rubbed oil in the type Satin fiom pait of the mesonotum 
rubbed off giving that pait a slimy appeaiancc Anteriorly arc a pair of large 
silveiy spots which aic seen complete, a broad silvery bolder present laterally and 
posteriorly, connected antenoily to the large spots Sculcllum black, with black 
marginal hairs Pleura) neaily black with a silvery gicj sheen, membranous area 
bare 

Abdomen velvet black, with scatteied very fine pale pubescence, fringe of 
long hairs oil basal scale brownish, segments 2 and 5-7 with the usual silvery spots 
(ronlof ai matin e (Plate LII, fig 15) somewhat lesemblcsfhatof lufbasts Coxites 
about as long as broad, but appear comparatively longer than in lufibaw The 
styles are rather long, commencing ratliei nanow at the base, they broaden out m 
the basal one-third and then again become nairow distally They arc about three 
and a half times as long as tliev are broad at the base On the interno-dorsal 
suiface of the region of their gieatcst width each of them bears a protuberance 
directed inwards and upwards towards the base This protuberance bears 
strong well-developed teeth on its antcnoi free surface The inter-coxal piece 
and the mesosome are like those found m rufibasis, but the former is a trifle 
narrower comparatively and lias a longei base 

Legs Fore coxa) yellow , trochanter and femora yellowish brow n, the latter 
black distally , tibiae and tarsi black, the former with a lnigc silvery spot on its 
outer surface Tarsi flattened as in female Middle and lund coxa) black , ti ochan- 
ters yellowish brown basally , femora and tibia) black, the latter with a slight- 
silvery sheen basally on their posterior surface Basal two- thirds of the first and 
base of the second segment of the middle tarsi and the basal halves of the 
first and second segments of hind tarsi yellow, the rest black Basitaisus of 
the hmd leg only a little enlarged (Plate LII, fig 16) It is about three-fourths 
as long as the tibia, and its greatest width is 0 7 of that of the latter and a trifle 
more than one-fourth its own length 
Wings as m the female 


PUPA 

Average size 2 6 x 0 9 mm 

The integument of head and thorax brown to light brown, with very minute 
disc-like tubercles scattered all over, a tnfle larger on the dorsum of mesonotum 
than on other parts Head and thoracic tnchomes as in ivfihnw i, f i , 
one-third to one-fourth as long as those m the toer Lief Ho ok 7 f 

except that m this spee.es there is on the ventml surface of se^entTa' 
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pair of stionglv chitimzed bifid 01 simple spines bent forwards Dorsally on seg- . 
ments 7, 8 and 9 tliere is a low of backwardly directed cutieular spines along the 
anterior border but none on segment 0 Segment 9 has also a pair of subtermmal 
spines which are better developed than in Jnmalayense 

Respiratory filaments (Plate LII, fig 17) —About 1 7 mm long, light grey m 
colour, 6 on each side, arranged m three sessil pairs The filaments spread out 
slightly near their origin and then bend slightly downwards The surface of the 
filaments is covered with ndges and minute tubercles arranged as in Jnmalayense 
Cocoon — It is dirty brown m colour, of the ordinary wall-pocket type, not 
very compact but there are no windows or spaces m the web, anterior margin 
thickened into a moderately strong nm It is on an average 2 9 mm long and its 
average greatest width at its anterior end is 1 2 mm It does not cover the pupa 
completely as its average length at its dorsal end is 2 4 mm 

Described from 17 males and 21 females all bred out of pupre (Mananbane, 
Bengal Tarai, February 1928) 

Types and paratypes m my ow n collection 

The description of the Javanese species S irndescens De Mcijere (1913) to some 
extent applies to this species also Unfortunately De Meijere’s description of the 
male and female are incomplete and it is not possible to say definitely depending 
only on his description, that the species described above is a synonym of S irndes- 
cens Although collections have been made from practically all parts of India yet 
I have so far found this species only at Mananbane (Bengal Tarai) Moreover, 
while dealing with the Indian tSimulndae it has been observed that in some cases 
though m general coloration of the adults looked more or less alike, particularly 
the male specimens, the termmalia of male and the female and the structure of their 
pupte clearly showed that they belonged to distinct species For this reason it has 
been thought advisable to describe the above as a new species till such time that 
the termmalia and the pupa of irndesccns arc definitely known* 

[*” Since sending the above to the press Dr F W Edwards, sen (Natural 
History Museum, London), has very kindly sent me specimens of males of some 
of the Javanese species, identified by him after studying a large collection of 
simulids received by him from Java About the pupa of >S indescens he writes, m 
a personal communication sent at the same time, * Pupal filaments 6 in number, 
all of moderate length and thickness, cocoon closely woven, without windows ’, 
but adds, that a peculiarity of indescens female is that the last 4, instead of 3, 
abdominal tergites are shining Among the specimens sent by him is a male 
of indescens and a comparison of its genitalia with those of mtidithorax has 
shown beyond doubt that the latter is quite a distinct species Moreover, 
according to Enderlein (1930) indescens belongs to his genus Odaqmia m which 
the female claws have a sub-basal tooth, those m mtidithorax being simple ] 
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At. first sight f ho male of mtuhthoun scorns identical with the type of 
q nscscens Brunotti but a rompniison of then genital armntiiics, pniticulnily 
of the lntei-covil pietes of tin* two ( lcnih shows that the\ belong to two different 
species 

Summary 

It has been found that tlie tcimmalia of the female serve as a verv useful 
charactei for the identification of the different sponos 

Males, females and pupa' of t hi ec new sprues fiom the Himalayas have been 
described 

Male and pupa of S utfba sis Brunotti hn\ebeon desenbed for the first time 
and a revised description of the female has been given 

A new" variety of S Tuftbaws based on the ornamentation of the male and the 
female has also been described 
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Explanation or Plate LT 


Stimilnnn (Simvhum) ritftbaus Brunotti 
Eig 1 Ventral view of termmaha of female 

„ 2 Chitmous plate of left side from ventral surface of segment 7, showing the 

cluster of long black hairs Scale as in Fig 1 
„ 3 A claw from the kmd leg of a female 

,, 4 Ventral view of genital armature of a pantvpe male (left style not shown) 

Scale as in Fig 1 

„ 5 Tibia, basitarsus and 2nd tarsal segment of right hind leg of a paratype male 

„ G One of the dorsal thoracic trichomcs of pupa , also showing the disc-like 

tubercles on the integument Scale as in Fig 1 
„ 7 Part of the pupal respiratory filaments of left side in situ Anterior end of 

pupa and cocoon drawn to show mode of origin of filaments Scale as in 
Fig 5 

Simulium (Swnihum) ramosum sp n 

Fig 8 One of the dorsal thoracic trichomcs of pupa , also showing the disc-like 
tubercles on the integument Scale as m Fig 1 
,, 9 Part of the pupal respiratory filaments of left side in situ Anterior end of 

pupa and cocoon drawn to show mode of origin of filaments Scale as m 
Fig 5 


( ) 


















Explanation or Platt LII 
Simuhum { Simuhum ) chnstophcisi sp n 

Fig 10 Part of ventral view of tcrmmalia of a paratypc female Seale ns in Fig 1 

„ 11 A claw from a hind leg of a paratypc female Scale as in Fig 3 

,, 12 Ventral view of genital armature of a paratypc male (left style not drawn) 

Scale as in Fig 1 

„ 13 Tibia, basitarsus and 2nd tarsal segment of a paratypc male Scale as m 

Fig 5 

„ 14 Part of pupal respiratory filaments of left side in situ Anterior end of pupa 

and cocoon drawn to show mode of origin of filaments Scale as in Fig 5 

Simuhum ( Simuhum ) mtidithorax sp n 

Fig 15 Ventral view of genital aimaturc of a paratypc male (left style not 
drawn) Scale as m Fig 1 

„ 16 Tibia, basitarsus and 2nd tarsal segment of right limd leg of a paratype 

male Scale as in Fig 5 

„ 17 Part of pupal respiratory filaments of left side m situ Anterior end of 

pupa and cocoon drawn to show mode of origin of filaments Scale as in 
Fig 5 
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anopheles breeding in relation to season 

BY 
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In a rural area comprising eight large sized villages near Sonaxpur 
(24-Perganas District, Bengal), a study of the anoplielme fauna of all natural 
collections of water is carried out at regular intervals All ponds, ditches and 
drains in the area under observation are serially numbered and each of them is 
examined systematically twice every month for Anojiheles larvse Laivse 
collected from these breeding places are identified in the laboratory and a lecord 
is maintained of the results of these fortnightly observations This work was 
started m March 1926 and we now have the Anopheles breeding history of every 
pond, ditch and dram in the area for a period of over five years 

An analysis of these lecords shows that the breeding intensity of the local 
species of Anopheles vanes considerably at different seasons of the year and that 
the different species exhibit a definite seasonal periodicity m breeding That 
these vanations m the intensity of breeding at different seasons of the year are 
not mere chance fluctuations is shown by the fact that the breeding curves of the 
different species repeat themselves year after year It would be of mteiest to 
Tecoid these seasonal variations m the breeding intensity of the species of Anopheles 
occurring m this area This work is based on the results of examination of a very 
large number of specimens, which total 440,000 during the period 1926-1930 

The following eleven species of Anopheles occur m the Sonarpur area, namely, 
A subpictus Grassi, A vagus Don , A liyrcanus var mgemmus Giles 
A barbirostns Wulp, A pseudojamesi Strickland and Chowdhury, A aconitus 
Don , A vaiuna Iyengar, A fuligmosus Giles, A phihppmensis Ludlow, 
A cuhcifacies Giles and A tessellatus Theob Although most of these species 
have been observed to bleed all the year round, each of them has a particular 
breeding season when its breeding incidence is highest, while dui mo- the off 
season, its incidence is low In the case of A cuhcifacies and A tessellalus the 
breeding is entirely stopped during their lespective off seasons It will be’seen 
that the high breeding season of one species is often the off season of another 

( 917 ) 
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The total laiva catch of each month and the percentage of the number of larva} 
of each species to the total for that month form the material for this paper The 
monthly records of the number of larvae of each of the species of Anopheles and 
their percentages for the five years 1926 to 1930 arc given m five appendices at the 
end of the paper, Appendix II to VI Appendix YII is a total summary of the 
records of the five years togethei 


Distribution of rainfall 

A knowledge of the monthly rainfall at Sonarpur is useful in understanding 
the variations in the breeding incidence of the several species of the Anopheles 

Chart 1 



Distribution of Rainfall 

The monthly rainfall at Sonarpur during the five years 1926 to 1930 is represented 
graphically on Chart 1 The average monthly rainfall is also shoun on the same 
chart The rainy season starts in June and the three months following, namely 
July to September, arc the wettest months in the year The rainfall diminishes 
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m October and duung the months November to February, there is practically no 
lamfnll The three months March, April and May have voi y little rainfall which ns 
usually less than 2 inches per month on the nveingo The monthly rainfall record 
for the five years is given m Appendix I 

Tins imrunno si a sons 

Anopheles hjicamts var mqcrrimm breeds most heavily during the period 
November to February, when it forms 00 to 40 per cent of the total larval 

Chart 2 
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rises steadily to reach its climax m Decembei and January These rises and 
falls m the intensity of breeding of A ftyrcanus have been observed during each 
of the five years 1926 to 1930 



Anopheles barbiroslns 

Anopheles barbu oslns biceds in nearly the same types of breeding places as 
those of A hyteanus and in many cases the two species occur together The 
bicedmg curve of A bai biro sins is very similar to that of A hjicmms but the two 
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arc not identical A bcnbnostns has its heal lost breeding season during February 
and March, two months later than the high bleeding season of A hyuanvs Its 
breeding incidence sulTei su sudden decline m April (Chart *t) and it is lowest in May 
and June After the onset of the rains, the cm vc rises to a smnll peak in August, 



Anopheles subpictus and A vagus, 1920-1930 


UlC cravo lBes stea<% t0 lc " dl «“ 

years 1926 to 19^9 wertLmntamed^d ^ ? eC ° rds of tllese two species foi the 
they are kept separately The monthly Tre^rf and “T ^ begUlmn S of 1930 

t0getier ^ 1926 *° 1930 - M gxaSt'clurtt 0 X S bS 
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heaviest during the hot season April to June during which period they may consti- 
tute more than 80 per cent of the total larva catch After the onset of the rams, 
their bleeding incidence drops suddenly and it leaches a very low figure m August 

Chart 5 



Anopheles subpictus and A tagus, 1910 


The fall m the intensity of breeding at this time from a 80 per cent level in May and 
June to 2 per cent in August is very striking and sudden Between August and 
January they have a very low breeding incidence being less than 2 per cent 
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throughout this period They commence to bleed vigorously in March and 
maintain a very high lc\el during the throe months following 


Ghaut 0 



Anopheles pseudojames ■ 


Separate records arc available for the two species A submetus and A , 
or the year 1930 Chart 5 represents the breeding mcidenc o the t/ ^ 
***** 1930 m sc„a^ eurve- K ,,U be observed ^^ 11 ° 
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have a heavy breeding season dmmg summer, they exhibit some differences 
Anopheles vagus starts breeding earlier than A subpiclus which follows it a month 
later The maximum breeding incidence of A vagus is during the early summer 


Chart 7 



months, Apnl to June, during which penod there is not much rainfall It declines 
with the onset of the early lams The bleeding season of A subpiclus starts a 
month later and leaches its height duiing May to July Its breeding season 
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eonesponds closely with the early mini that, occm m May and June , it declines 
markedly as soon as heavy inins commence m July 

Anopheles pscutloftimesi, although fan ly common, has not been observed to 
bleed m large numbers at any time Its highest incidence during its breeding 
season is about 10 per cent of the total catch, while at oilier times it is usually less 
than 4 per cent Its breeding season starts about the middle of the rainy 
season and during August to Octobci, it foims fiom G to 10 per cent of the 
total catch After Octobci, its breeding intensity diminishes and it leaches 
a veiy low 7 level during Ncbiuaiy to May when it is less than 2 per cent of 
the total 

Anopheles fuhgmosus and A phhppmcnsis for part of the period of 
observation, lecords of these tw 7 o species were maintained together under one 
head, while during the later yeais, they were recoided separately The 
seasonal incidence of the two species taken together is represented graphically 
on Chart 7 These species do not occui m large numbers at any time and 
even during their breeding season, they do not rise .above the 10 per cent 
level The combined figures for the two species show an increased incidence 
m breeding during the months March to June , during August to December, 
the curve is low, being less than 2 per cent throughout that period The 
same trend of the breeding curve is observed during eveiy one of the years 1926 
to 1930 


When the two species are considered separately, their respective intensity 
of prevalence as also their individual breeding seasons are brought out 
Separate records for the two species are available for the two years 1929 and 
1930 and Chart 8 is based on these records In regaid to numerical prevalence, 
A fuhgmosus is the more common of the tw r o species and A philippmensis 
occurs only m sparse numbers in this area One difference m the breeding cuives 
of the two species is striking while A fuhgmosus breeds most during March 
to June and subsequently declines to reach its lowest level m September, 
A philippmensis has a very low incidence during the dry season and breeds in 
greater numbers during the wet months July to October, with its highest breed- 
ing during September The two species although very closely allied have different 
breeding seasons at Sonarpur 


Anopheles varuna and A acomtus records of these two species were maintained 
together during the period 1926 to 1929 In 1930, they were recorded separately 
The combined records of the two species for the five years show that these species 
have an intense breeding season during August to November and their lowest mci- 
ence is during May and June Their breeding intensity rises abruptly in July 
atter the onset of the rams and between August and October, they constitute 
neary la of the total larva catch The breeding incidence commences to decline 
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Chart 8 



Avophrhs fnhgmo'svs and A plnhpprnert’ns, 1920 1900 
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Anopheles varuna and A acomlus (contd ) 


Separate figures of the two species A acomtus and A vanina are available 
for the year 1930 The variations in the breeding intensity of these two species 
are separately represented on Chart 10 Of the two species, A vanina is decidedly 
the more common one while A acomtus has only a low incidence They, however. 
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have a close similarity as icgards breeding penodicity The curves of both species 
are lowest m May and June and they rise together aftei the onset of the rams and 
reach thou maximum m Septembei Both the curves decline aftei September 
and reach a low level during the dry months 


Chart 10 



Anopheles tessellatus is a rare species m the area as compared with other species 
of Anopheles Even during the height of the season, its incidence is not more than 
one per cent The monthly breeding incidence of A tessellatus during 1926 to 1930 
is represented on Chart 11 This species has a restricted breeding season and even 
then it occurs only m small numbers , during the oft season it has not been obseived 
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to breed at all It starts breeding rn June, reaches its peak between July and 
September, after which its incidence declines After October, no larvae of this 
species have been found in this area till the following June While the other 
species of AnojAirlcs that occur in Sonaipur have been observed to breed all the 


Chart 11. 



year round, although only rn small numbers during their respective off seasons, 
A tessellatus has not been observed to breed at all during its off season In this 

respect it behaves like A culicifacies which also stops breeding during its off 
season 

J, mb 


15 
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Anopheles cuhcifacies the incidence of this mosquito m the area is still 
lower than that of A tessellalus It has been obscived as larva? mostly 
between March and July and it has not been observed to breed during 
October to January The breeding incidence of this species during the 
years 192G to 1930 is represented on Chart 12 These curves are based on 
small numbers of larva? as this species has not been found in large numbers 
at any time Even when its breeding is highest, its incidence is very much 
below 1 per cent of the total larva catch 


Chart 12. 



Summary 

The studies on the seasonal breeding incidence of the eleven species of 
Anopheles in the Sonarpur area show that each of them has a definite breeding 
periodicity, a breeding season when its incidence is high and an off season 
when its incidence is low These seasonal fluctuations have been observed 
during each of the five years this study has been m pi ogress The results are 
briefly summarized below 

Anopheles vagus breeds heaviest during the hot season, April to June, the 
breeding season of A subpiclus is during May to July The former is a dry 
season breeder and the latter is an early rams breeder A hyicanus is an 
early winter breeder, with its highest incidence during December and January 
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A baibnoslns is :i laic w intei broodm wifli its high incidence in Febiunry nnd 
March A psewlogmcv broods most dining the wot season and its incidence is 
lushest during August to Oclobei A fuhqinosus is n dr> season breeder with As 
peak of prevalence m April to Mn\ A phhpjnnen sis omn« in small numbers, 
its bleeding season is dunng the wot months nml it broods most m September 
A tmdlatns is a species wlmb is spm so boio It bloods during the wot season 
and entirely stops breeding from No\ ember to A mhnfaru sis a dry 

season breeder and ocems mostly during Itlaidi to .lull During the other 
months o f the year, it is piactu nlh absent A ununa and A aeomtu s are wet 
season bieodcis and bleed most during August to No\embor The latter species 
occurs m very small numbers compared to A uiritna 


Comu/usiox 


These observations are of more than more academic interest The> seem to be 
of practical importance m connection with epidemiological studies In a locuht's 
one frequently finds more than a single species of Anopheles winch is capable of 
transmitting mataiin But it is often difficult to determine which of the scieral 
carrier species that occur there arc the actual transmitters of malaria Let us 
now consider the Sonarpui area Six 01 even seven species of Anoplulcs out of the 
11 species observed in this aica are knowm transmitters of malaria, nnmclj, 
A vamna, A acomtus A fuhgivosus, A plnhppmcii sis, A cuhcifacics, 
A tessellalus and A hyreanus One cannot say that all the sc\en species 
mentioned above act as actual transmitters of malaria m the area Nor is 
it easy to say that any particular species is the most important curiici except 
it be after a very large series of dissections of all these species In fins 
respect, a knowledge of the seasonal incidence of the diffcient species of 
Anopheles is of value The relation of the period of prevalence of the earner 
species to the malaria season would bring out their importance as an actual 
transmitter of malaria in the locality A carrier species which breeds in close 
conjunction with the malaria season is one winch in all probability is an 
actual transmitter whereas one which breeds during the non-malanni season 
is, m all probability, of very little importance as an actual transmitter in 
the particular locality, even though it may be a species known to be capable of 
transmitting the parasite 


In this perspective, let us consider the seven earner species of Anopheles and 
their breeding seasons m relation to the malaria season which is September 
to November Anopheles fuhgxnosus is a known transmitter, but its incidence m 
e Sonarpur aTea does not correspond with the malaria season and as such, 
a U 7 7 h xt 13 ca Pable of transmission, it does not appear to be a likely transmitter 
Anopheles plnhppmensis on the other hand breeds during the wet season 
e ia e y preceding the malaria season and this species is, m all piobabikty, an 
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actual transmitter m tins area A cuhcifacics, although an efficient transmitter 
does not seem to be of any importance owing to the fact that the season of 
high incidence of this species is very different from the malaria season On the 
other hand, the close relation between the malaria season and the breeding 
incidence of A tessellatus seems to indicate that even though this species 
occurs only m small numbers, it may yet transmit malaria A hjicanus is 
known to be capable of transmitting malaria This species has a winter rise 
after the close of the malaria season, at a time when the incidence of malaria 
is low Judged from this fact, this species is probably not concerned m 
malaria transmission at Sonarpur 

Two more species to be discussed are A varnna and A aconitus, both of which 
have their highest incidence between August and November Their breeding 
seasons correspond closely with the malaria season and it seems very likely that 
these two species play a considerable part in the transmission of malaria m this 
locality 

The present studies are thus helpful m understanding the likely transmitters 
among the several earner species that may occur in an area Out of the seven 
carrier species observed at Sonarpui, the rise in the incidence of the species 
corresponds to the malarial season m the case of four species, nameh , A aconitus, 
A varuna, A phihppincnsis and A tessellatus whereas m the case of 
A cuhcifacics, A fuhmnosus and A hpcanus, the rise in their incidence does 
not correspond to the malaria season This indicates that the former four species 
aie likely to be actual earners in the area, whereas the lattei three carrier species 
which have a very low incidence during the malaria season and the period 
preceding it, and a high incidence dining the non-malarial season are evidently 
not likely to be carriers of importance m the area 

To judge the relative importance of the foui species here considered to be the 
likely transmitters, two factors need to be considered The first factor is the 
relative incidence of these species during their season of maximum prevalence 
The curve of A vaiuna uses above the 30 pel cent level and this species is 
undoubtedly the most prevalent of the foui Next to it comes A aconitus 
m which the maximum pievalence is about 4 per cent Lastly come 
A pJnhppmensts and A tessellatus, in both of which the maximum mcidence 
is one per cent and under The second factor to be considered is the degree 
of susceptibility of these carriei species to infection with malaria parasites 
From a consideration of these two factors, namely, the numerical prevalence 
and the susceptibihty to infection, of those cainei anophehnes which show 
a relatively high prevalence during the malaria season, it should be possible 
to appraise the relative importance of carriei species m any individual 
area. 
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Appendix II 

Anopheles larvce collected dunng 1926 
Monthly figures and percentages 
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Anopheles larva} collected during 1927 
Monthly figures and percentages 
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Anopheles larsce collected during 1928 
Monthly figures and percentages 
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Anopheles Icii vce collected during 1929 
Monthly figures and percentages 
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Appkndix VI 

Anopheles laivce collected dunng 1930 
Monthly figures and percentages 
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Appendix VII 

Statement of the total anopheles laivce collected during 1926-1930 

Monthly total figures and average per centages 

“ 77 77 77 May Juno July Aug Sopt Oct Nov 
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THE ESCAPE OF THE FILAR IA LARVA FROM TILE 
PROBOSCIS OF CULEX FATIGANS 


BY 

S SUNDAR RAO, 


AND 

M 0 T IYENGAR 

(Fiom the Calculla School of Tropical Medicine ) 
[Received for publication, September 14, 1931 ] 


In order to study the process of penetration of the slan by mature larva? of 
Wuchercria (Filana) bancrofli Cobbold, the authors fed some experimentally 
infected specimens of Culex fahgans Weid on a volunteer After a short time, 
the mosquitoes were taken out to see if the Filana larvae had actually emerged from 
the proboscis The mosquito was stunned by a shake, put on a slide and a small 
coverslip placed lightly on it to keep the mosquito from flying away if it should 
recover While examining the proboscis of one of these mosquitoes under the 
microscope, a Filana larva was observed to emerge from the extreme tip of the 
nght labella of the mosquito At first the extreme anterior end of the larva 
was seen projecting beyond the tip of the labella, and after some exertion the 
worm managed to emerge When a quarter of its length was free, it rapidly 
made its way out without any difficulty As soon as the worm larva showed 
itself well out of the tip of the labella, some Bles solution was added and the 


specimen was immediately killed with the fluid , by that time the worm larva 
had more than half emerged out of the proboscis From the time the tip of the 
worm had showed itself well out of the labella to the time it was killed was 
barely a few seconds The emergence of the laiva from the proboscis was" very 
rapid and it was fortunate that the worm was killed before it had fully emerged 
After keeping the entire mosquito m Bles solution for one hour, the head of 
the mosquito was separated, stained with alcoholic eosm and mounted in Canada 

( 941 ) 



942 Escape of the Filana Laiva from the Pioboscis of Culex fatigans 

balsam A photomicrograph of the proboscis with the half emerged filana larva 
is repioduccd m Plate LIU, fig 1 

An examination of this preparation shows that the Filana larva has emerged 
from the extreme tip of the labella and not through the point of junction of the 
labium with the labdlte through the so-called 1 Dutton’s membrane ’ Plate LIII, 
fig 2, is a moie magnified photomicrograph of the tip of the proboscis and shows 
the larva partly inside the proboscis, partly within the labella and partly outside 
The point of emeigencc of the Filana larva is very clearly demonstrated here and 
it is evident that this is the extreme tip of the labella 

This observation on a natural finding of the larva rn the process of emerging 
fiom the proboscis without any mechanical pressure or application of heat is 
interesting While examining infected Culex fatigans mosquitoes under the 
microscope the authors have observed how Filana larva; persistently attempt to 
ponetiate the extreme tip of the labella When there is even the slightest disturb- 
ance, cither increased temperature, or a little increased activity of the mosquito, 
as foi instance, an attempt on i he part of the mosquito to bite, or a httle shaking 
of the mosquito, these laivaa are stirred to activity They then move about rapidly 
and tiy to pierce the extreme tip of the labella They have never been observed 
to attempt to pieicc at any othei point This has been confirmed on many subse- 
quent occasions and it seemed evident from the manner m winch Filana larvae 
try to penetiate through the extreme tip of the labella that the} probably make 
tlieir way out at that point The present finding of a Filai ta larva killed while 
actually emerging through the tip of the labella confirms this conclusion 

The manner m which Filana larvae emerge from the proboscis of the mosquito 
has been discussed by several previous workers Grassi and Noe (1900) 
thought that the laivae escaped by a rupture of the dorsal groove of the 
labium when the mosquito feeds Annett, Dutton and Elliott (1901) thought 
that the larva made its way out by rupturing a membrane at the apex of the 
labium on its dorsal side at the junction of the labium and the labella, 
and this membrane has been called the ‘ Dutton’s membrane ’ Lebredo 
(1905) and Fulleborn (1908) also confirmed Lebredo’s findings These 
workers considered that Filana larvae made their way out through the 
membrane on the dorsal side of the labium at the point of its junction with 
the labella 

It appears that Moclnzuki (1910) was the first to demonstrate that Filana larva; 
emerged not through ‘ Dutton’s membrane ’ but through the extreme tip of the 
labella This was confirmed by Yamada and Komon (1926) who by pressing on 
the tip of the labella allowed Filana larvae to escape through that point, they, 
howevei, could not observe larva; escaping under natural conditions 

While these observations were based on material which had been manipulated, 
one could raise the question as to whethei the larvae do actually effect their escape 
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through that point, undei natui.il (lreuinstnnces The picsent obseivations based 
on the emergence of the Ftlatta limn n ft ei attempting to bite man, is a finding 
of the escape of Filana through the lip of the lobelia nndei natural conditions 
and confirms the conjectures of Yani.id.i and K onion (192G) who based their con- 
clusions on material in winch the bursting of the tip of the labelled was facilitated 
by mechanical pressure 
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Explanation or Platt: LIII 

Fig 1 Photomicrograph of the proboscis of Cidex fahgan’s showing a larva of 
TF ( Friana ) bancrofh more than half emerged out of the proboscis 
(Magnification X 53 ) 

,, 2 Photomicrograph of apex of the proboscis show ing the point of emergence 

of the worm at the tip of the right labella (Magnification X 109 ) 

„ 3 A more magnified view of the apex of the proboscis shoving the tip of 

the right labella and the worm larva emerging out of it (Magnifica- 
tion x 221 ) 

,, 4 Another picture of same showing the norm larva partly within the labium, 

partly within the labella and partly outside (Magnification x 224 ) 
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It is universally admitted that mnlniinl pigment (h.emo/oin) is «in iron 
containing derivative oflimmoglobm and some c\on Miggest its bnmr identical with 
hsematin Castellam and Clialmers (1019) state that the pigment is soluble in 
alkali, insoluble in water, alcohol, chloroform ether, acids and that it contains 
iron m an organic form which will not gi\c Beilin blue reaction M.imon-Bnhr 
(1929) states that the pigment is insoluble m stiong acids is onl\ (dieted by potash, 
not dissolved as stated above, but is rapiclh soluble in ammonium sulphide 
Brown (1911) regards the pigment as identical with hrematm owing to the similarity 
of solubility, spectroscopic properties and m containing iron M.ncr (1922) has 
demonstrated iron by Berlin blue reaction m subtertmn malaria b} allowing the 
pigment to be acted upon by acid alcohol, but admits that the reaction is capricious 
Lignac (1924) tried unsuccessfully to reproduce Mayer’s reaction and states that 
potassium ferrocyamde and hydrochloric acid, if remaining too long m contact 
with each other, will produce Prussian blue without any extraneous iron being 
present Warasr (1927) states that the pigment is insoluble m water, alcohol, 
ether, chloroform, hydrochloric acid, caustic soda and slightly soluble in acetic 
acid and ‘ Saure alkohol ’ 

It will be observed that most of the assertions are m disagreement with each 
other and that there does not exist a specific test by w Inch the presence of hcemozom 
may be determined The following investigation was carried out to evolve a 
chemical reaction which might ultimately h elp m the diagnosis of malaria Ow mg 
to the lack of knowledge of their chemical nature, a satisfactory classification of 
J > ( 945 ) 16 
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tlie piotozoal and bacterial pigments does not exist Most of these pigments have 
been put into various categories according to their solubility m various solvents, 
few of them, however, giving specific chemical reactions, e g , carotmoids, antho- 
cyamnes, melanms, etc Following the usual methods employed, we have studied 
the subject under the following headings — 

1 Solubility m various solvents 

2 Spectroscopic studies of the solutions of the pigment 

3 Attempts to test the presence of non 

4 Flocculation and complement deviation tests 

1 Solubility in various solvents 

The effects of solvents have been studied mamly on the sections of malarial 
spleens, as blood films are either dissolved or altered by the effect of the various 
chemicals The technique employed is as follows — 

To harden the tissue, suitable portions of the spleen were left m formalin 
solution (10 per cent) for a few days, then successively passed through 50 per cent, 
70 per cent, 90 per cent and lastly absolute alcohol After treatment with the 
latter, the tissue was transferred to xylol and embedded m paraffin The sections 
were treated with xylol to remove the paraffin, washed with absolute alcohol and 
finally with distilled water The sections weie covered with the chemicals to be 
tested either pure or m suitable dilutions , the effect was noted from time to time 
under the f and ) r objectives The following observations were made with the 
undermentioned reagents — 

(a) Alkalis — It was found that the- pigment was soluble m N/l sodium 
hydroxide, liquor potassi B P , liquor ammonia fortis B P On addition of 
alkalis, within 5 to 15 minutes, depending on their concentration, the daik granules 
become deep brown in colour, develop a yellowish brown haze aiound themselves 
and ultimately dissolve away If the section is now washed with distilled water, 
it is found to be devoid of any pigment The time required to dissolve the pigment 
with liquor ammonia fortis is usually half an hour To test furthei the minimum 
dilutions of alkali required for solution of the pigment, sections were treated with 
various dilutions of sodium hydroxide and it was found that dilutions weaker than 
N/20 sodium hydroxide had no effect 

It has been asserted that this pigment is merely alteied, and not dissolved 
m the alkabs , to investigate this question the following experiment was carried 
out — 

Two sections were treated with N/l sodium hydroxide for 12 hours, one of 
these was washed with distilled water to get nd of the alkali, while m the case of 
the other the alkali was neutralized with N/l, sulphuric acid, and an excess of 
acid left for 15 minutes and then washed away Both sections were stamed with 
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hsematoxyhn and Biebnck-scarlet, together with an ordinary untreated malarial 
spleen section to act as a control It was noted that tire former two sections showed 
no trace of pigment, while the control did, piovmg that m case of alkalis there is 
no question of alteration but peifect solution The acid in the second experiment 
was added to neutralize the alkali and so reconvert the 1 altered ’ pigment, but 
without success 

(b) Acids —The pigment was insoluble m acids, even m strong nitric, hydro- 
chloric and sulphuric acids, no alteration m the appearance of the pigment being 
noted It showed no signs of dissolving oi even becoming fainter after 24 hours’ 
treatment with alcohol acidulated with acetic or other acids (vide reference to 
Mayer’s work m the beginning of this paper) 

(c) Fat solvents and othei miscellaneous chemicals — The pigment was found 
to be insoluble m ether, chlorofoim, xylol, benzine, acetone, absolute alcohol, 
acid alcohol (5 per cent glacial acetic acid), carbon bisulphide, liquor formal- 
dehyde, amyl alcohol, glycerine or carbon tetrachloride Strong solutions of 
ammonium sulphide or sodium chloride did not produce any change neither did 
antiformm, silver nitrate (1 per cent), or stiong solution of bleaching powder 
Hydrogen peroxide requires a special mention as a prolonged treatment (24 hours 
or so) with this reagent causes a bleaching of the pigment The granules are still 
visible but there is no colour It was not possible to restore the colour with 
various oxidizing or reducing agents 


2 Spectroscopic studies 


(1) Having ascertained that the pigment is soluble m alkali and presuming 
it to be identical with hsematin (Brown, 1911), the following procedure was 
adopted for spectroscopic study — 

(а) A solution of N/l sodium hydroxide was added to a finely minced sample 
of malarial spleen (4 1) and the mixture was left for 12 hours at room 
temperature 

(б) A similar procedure was adopted usmg a non-malanal human spleen, i e , 
normal spleen, to act as a control 

It was found that solution (a) was a clear greenish fluid, while solution ( b ) 
was straw coloured No absorption band was noticed in either solution as such 
or when diluted suitably but on addition of ammonium sulphide a sharp band 
was noticed, starting at the yellow and extendmg to the green m both cases That 

this spectroscopic phenomenon is non-specific is evident from the similar results 
obtained from the control 


(2) Blood -(«) A sample of malarial blood (pigmented parasites B T seen m 
abundance) was hmmolyzed by addition of distilled water , the hrnmodobm w 
— by repeatedly — gabarng and „sh fflg the depo^f 1“^ 
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(b) A sample of non-malanal blood was dealt with as above to act as control 
The deposits were dissolved m N/10 sodium hydroxide and examined spec- 
troscopically No absoiption bands were noticed except on addition of an equal 
part of ammonium sulphide, when a band similar to the one noticed under experi- 
ment (1) was seen m both cases 

(3) Unite — Presuming that some of the malarial pigment would be excreted 
m the urme, a sample of the above case, see (2), was obtained It was centrifuged 
and the deposit -washed several times to get rid of the traces of urine The deposit 
was dissolved m N/l sodium hydroxide and examined spectroscopically, but no 
absorption band was noticed even on addition of ammonium sulphide 

3 Attempts to test the presence op iron 
Having established that the pigment is soluble m alkalis the following 
procedure was adopted to test the presence of iron — 

A spleen section showing a profusion of the pigment was focused under the 
| objective of the microscope and then flooded with N/10 sodium hydroxide 
When the pigment had turned brownish and a yellowish haze was noticed around 
the individual granules, the alkali was pipetted off and N/10 hydrochloric acid run 
on the section It was intended to test for the presence of iron after acidifying, 
by ammonium sulpliocyanide solution but it was noticed that the section had 
turned reddish brown, the pigment masses being of a deeper rusty red colour, hence 
the reagent was discarded, and potassium ferrocyanide solution was substituted 
The whole section turned blue but the pigment masses still retained the rusty red 
colour 

Though the presence oi absence of iron could not be precisely settled we per- 
formed the following experiments to ascertain if the reaction, viz the turning of 
the pigment yellowish brow n, on addition of alkali followed by a rusty red coloui 
on addition of acid was specific — 

(1) Seven specimens of malarial spleen were obtained from out-stations (one 
from the Medical College, Rangoon, one from Haffkine Institute, Bombay, four 
from the School of Tropical Medicine, one fiom a local military hospital) The 
technique followed was the same as described above, and all the sections, except 
the one flora Bombay, showed coarse black pigment masses The latter exception 
showed fine dark brownish granules which disappeared rapidly on addition of alkali 
This section had to be dealt with specially, the alkali being washed off after the 
lapse of a minute or so followed by addition of the acid Owing to the minute 
size of the granules the reaction, though definitely positive under the £ was not so 
well marked under the § objective In all the other sections, the addition of the 
alkali N/10 sodium hydroxide turned the granules browmish with a yellowish 
haze around them, which was transformed into a rusty led colour on addition of 
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add (N/10 hvdrochloiic acid) A similim rend ion was noted m sections of the 

malanal liver tliougli not so well nnnked 

(2) Knla-azni spleen was dealt will) m a similar way to the malarial spleen 

but the above specific icaclion was not noted 

(3) Skin sections shotting inn i heel deposit of melanin pigment glow fnintci 
on addition of alkali but tinned black again on addition of acid 

This test was inapplicable to blood films as the N/20 sodium hj d reside being 
the minimum required foi dissolving the pigment, dissolved tlic film cv vutssc 
Specimens of blood from malarial patients shotting marked pigmentation m the 
infected led cells vere luemolysed and all t laces of haemoglobin were iemo\ed In 
washing repeatedly with distilled water The deposit thus obtained consisted of 
fine granules which dissolved m alkali too r.ijndl} to peimit the addition of acid 
The same was true in the case of the samples of urine from malarial patients dealt 
with as described under ‘ spectroscopic examinations ’ 


4 Flocculation and coMmoirNi dlviation 'Jisi.s wrin alkai-inl 

SI’LKEN KMJIACI 

Owing to the solubility of lijeiiio/om and othei constituents of a malarial spleen 
m sodium hydroxide solutions the possibility of this extract at ling as an antigen 
was contemplated, and a brief summaiv of the technique followed and the Jesuits 
obtained is given below r — 

(1) A portion of malarial spleen was finely minced and an equal \olumo 
of N/l sodium hydroxide w r as added and left for 12 hours at loom tcmpeiaturc 
The tissue extract thus obtained was filtered and used as follows — 


(a) One c c of the above extract w r as mixed with 0 1 c c of sei inn of a distinct, 
case of malaria (parasites seen in a blood film) The quantity of sei um 
m question w r as set up with 1 c c of N/10 sodium h)droxide to act 
as a control 

{b) The alkaline spleen extract was neutralized with N/l hydiochloric acid 
and similar quantities put up as m (a) In both cases normal seia 
from a non-malarial case was put up as control The tubes containing 
the sera and extract w r ere incubated at 55°C and then examined 
for flocculi wuth a hand lens (magnification 20) There w eie altogether 
ten tests put up from malarial cases rn wdiose blood B T parasites 

had been seen , the results m all cases, including the controls, w T eie 
negative 


the nc rf *' T P ! Cment deviatl0n test the technique followed was similai to 
Research p m a i borator > T for the Wassermann reaction for syphilis (Medical 

extract snml™to the^on ^ ^ a ^ antlgen Was Valued spleen 

ar t0 the one described under (1) (6) 
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The number of sera and controls tested m this way were ten from the same 
cases tested under (1), but the results were negative m the malarial as well as the 
control tubes Owing to the negative results a detailed description of the tests 
has not been given 

Summary 

1 The malarial pigment deposited m the spleen is soluble m alkalis and 
insoluble in acids, usual fat solvents and various other leagents described It is 
bleached by hydrogen peroxide solution when kept m contact for a long tune 

2 Spectroscopically the alkaline solution of the pigment does not produce 
absorption bands of alkaline lisematm, m fact nothing specific is seen m the 
spectrum It may be added that the alkaline solution when suitably dealt with 
does not produce the crystals of haem a tin hydrochloiide 

3 On addition of an alkali the malarial pigment in the spleen turns brown 
with a yellowish haze around it On substituting an acid for the alkali the granules 
of the pigment turn rusty red We regard this test as specific for hasmozom in the 
tissues, but may state that the number of tissues we have examined have been 
too few to make a positive assertion 

4 The alkaline solution of the minced spleen by itself or when neutralized 
is incapable of acting as an antigen for flocculation or complement deviation tests 
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During recent years successful methods have been employed to concentrate 
and purify therapeutic sera and their value m treatment has been justified by 
clinical experience The presence of antibodies m the immune seium does not 
make any appreciable change m its chemical composition as compaied with normal 
serum although their presence is demonstrated by its power of neutralizing the 
specific toxin 

It was discovered that the antibodies could be precipitated from immune seia 
y various salts along with a certain fraction of serum proteins and this fact has been 
utilized to get rid of useless non-specific proteins and issue a more or less nunfied 
product for therapeutic use 

Banzhaf ( 1928 ) with his comprehensive experience on this subject has stated 

T m , horse 111111111116 sera mo ^ ^ the antibodies are m combination with 
ie pseudoglobuhn fraction of the serum proteins and he also admits of variability 
location m different animals As to the nature of this antibody-pseudogJobuhn 
plex very little is known More recently Frankel and Olitski [19811 1 
ported their capability of obtaining antibodies from immune « fiSTi ™ 

l ir negate results of hologreal Id lA CT 1 “t for 

V s T, do A ot ’ at 

( 951 ) 
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If tlie work of the last mentioned authors is confirmed and a suitable technique 
evolved to lay our hands on antibodies m such a pure state serum therapy would 
have made a marvellous stride 

Kasauli antivenene manufactured from horses is extensively used throughout 
this country with very good results That purification and concentration of anti- 
venene is desirable needs no reasoning when we come to think of the possible amount 
of venom a healthy adult cobra or Russell’s viper can inject at a bite and the 
enormous quantities of natuial antivenene lequned to neutralize it (By am and 
Archibald, 1921) The justification of such a step has been very ably mentioned 
by Acton and Knowles (1915) who took up the subject m 1915 and came to the 
conclusion that the antibodies m antivenene aie m combination with serum globulins 
and can be precipitated fiom the immune goat serum by 40 per cent saturation 
with ammonium sulphate This was further confirmed by Cams, Iyengar and 
Anderson (1924) who, however, depiecated the method as they could only get 
c Concentration with loss of potency ’ In view of such conflicting results it was 
thought desirable to le-mvestigate the problem with improved technique as the 
actual distribution of the antibodies has to be considered when concentration is 
desired in order to enable one to ehminate the non-effective protein material without 
losing any antibodies 

These expernnents were conducted as a preliminary step towards concentration 
and to find out — 

(1) How the antibodies are actually distributed m the antivenene raised 

from horses ? 

(2) Whether they can be recovered without much loss aftei useless proteins 

have been discarded ? 

Several methods of chemical precipitation by salts of ammonium, magnesium 
and neutral salts of heavy metals followed by dialysis were employed to separate 
out the different protein fractions but finally the fractional precipitation of anti- 
venene by ammonium sulphate was found to give encouraging results 

Each protein fraction of the antivenene obtained by various methods was 
tested for its antibody content against cobia venom according to the method 
employed to standardize antivenomous serum manufactured at Kasauli (Anderson 
and Gaius, 1925) 

Experimental observation 
1 Euglobuhn fraction 

Prepai ation — 

A Euglobulm is insoluble rn acidulated distilled water and falls down as a 
precipitate Taking advantage of this fact, to one part of antivenene 9 parts of 
distilled water were added and the mixture thoroughly shaken and allowed to 
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sediment The precipitate o f euglobulm was collected, dissolved in minimal 
quantity of normal saline solution and tested against cobra venom on pigeons 

B 40 c c of antivencnc weic directly dialysed in lunning tap-ivalei for 4 days 
and then foi 2 days m distilled watci (Moigan and Fairbiothei, 1930) A consider- 
able portion of euglobulm ivas thrown down as pi ccipitntc during dialysis The 
precipitate was sepaiated by ccntiifugmg and after washing thrice with distilled 

water tested against cobra venom on pigeons 

C To 100 c c of antivenomous seitnn was added an equal volume of saturated 
solution of ammonium sulphate and the mixture allowed to stand overnight nftoj 
thorough shaking A heavy precipitate of pseudoglobulm and euglobulm was 
obtained Aftei filtration the pi capitate was shaken m ]00 c c saturated solution 
of sodium chloride and undissolvcd euglobulm fraction filtcicd off (hloigan and 
Fairbrothei, 1930) It was then dialysed fice of salts and dissolved m 10cc of 
normal saline solution and tested against eobia venom on pigeons 

D A further specimen of this fraction w r as obtained by salting the semm out 
with ammonium sulphate according to a method described by Max Stiumin and 
others (1930) and as this method proved very successful, a brief account of tins 
is added and it will be refeired to for the sake of abbreviation as the ‘ ammonium 
sulphate method ’ 

Serum without preservative is diluted with an equal volume of 0 81 per cent normal ■saline solu- 
tion To one volume of serum an equal volume of 66 per cent saturated solution of ammonium sul- 
phate is added, the mixture allowed to sediment for 15 minutes and filtered This separates the 
* euglobulm fraction * To the filtrate enough saturated ammonium sulphate solution is added to 
bring the concentration to 50 per cent This precipitates down the pseudoglobulm fraction The 
filtrate is then saturated with ammonium sulphate and non the albumen falls doun ns a precipitate 
All the precipitates were dialysed for i da> s in the ice box (our experiments w ere earned out at room 
temperature) and when ammonia free (ns tested by Nessler’s reagent) examined for antibodies both 
qualitatively and quantitatively 

None of the euglobulm fractions prepared by methods A, 13, C and D showed 
any antibodies when tested against cobra venom on pigeons 


2 Pseudoglobulm fraction 

Preparation — 

Mainly the ammonium sulphate method was employed to obtain this fraction 
an the resulting precipitate dialysed free of ammonia Different woikers 
recommend different concentrations of salt foi separating this fraction, but about 

lid 1 ° f S6nim after removal of ^globulin brings down all the 

pseudoglobulm m immune horse serum 

wml* wf ^ fe f Ctl0!1 wlucl1 aW shovei P«sence of antrvenene 
It was rather ? ne,,tral ™g power against cobra venom was tested on pigeons 

recovered m « T*!™ 8 to flnd that a11 antivenene pnnoiple of the serum could be 
ered m tins factum without any loss e,ther m qualrty or quantity Samples 
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of antivenene from various horses were studied similarly and each of them confirmed 
the results of the sample experiment quoted below — 


Table 


Comparing the neutralizing power of pseucloglobuhn fraction of 
antivenene with a sample of natural antivenene used 
for obtaining the pseudoglobulm 


Sample of natural 
antivenene 

Total potency 
expressed in 
ing of cobra 
venom 

i 

Pseudoglobulm 
fraction separated 

Total potency of 
pseudoglobulm 
fraction expressed 
in mg of cobra 
venom 

40 c c Brew No 149 
V 32A S 9 30 

Potency 1 co = 05 mg 

20 mg 

34 c c 

Potency 1 c c =06 mg 

20 4 mg 


3 Albumen fraction 

Pi epamtion — 

This fraction obtained by ammonium sulphate method after separation of 
euglobuhn and pseudoglobulm was dialysed and tested No protection to pigeons 
was afforded 

4 Filtrate obtained aftei separation of different protein fraction was dialysed 
and tested No protection was afforded to pigeons 

Immune sera differ very little m composition from the normal sera although 
it is stated that the pseudoglobulm fraction increases v ith immunization (Kirkbnde 
and Murdick, 1927) 

Further, it has been stated that although there are variations m the ratios of 
globulin and albumen m the sera of different individuals, generally the ratio of 
globulin to albumen is always less than unity The albumen therefore forms moie 
than 50 per cent of serum proteins and having no therapeutic value it is worth 
while to discard this fraction with advantage , but out of the globulins again the 
euglobuhn fraction can also be discarded This leaves pseudoglobulm the only 
protein forming less than 47 per cent of the total protein of horse’s serum with all 
the antivenene principle with it (Robertson, 1924) 

Experiments with regard to preparation on a large scale, storage and steriliza- 
tion of the purified antivenene aie m progress and a further communication will 
be made 
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Experiments described in tins communication wore designed to determine 
the effect of age and temperature on tlie antigenic value of cholera vaccine 

Owing to the difficulty associated with the actual production of this disease 
in experimental animals and the debatable part played by complement donating 
bodies, hsemolysms, opsomns, etc , as defensive factors m a serum, we have used 
agglutmogemc response as the index of antigenic potency 

Cholera vaccine six months after the date of manufacture is considered as 
time expired and unfit for prophylactic use Large quantities of unexpended 
vaccine have consequently to be condemned and destroyed at the source of manu- 
facture Nowadays when fngidaires are considered as a more or less essential 
equipment of laboratories and vaccine depots, it was thought advisable to investi- 
gate the effect of storage at low temperatures on the potency of cholera vaccine 
Comparative tests were carried out with the same brew of vaccine stored at 37°C , 
a temperature which probably corresponds more than favourably with the room 
temperature of most places m the plains of India and of tropical countries generally 
ie cholera vaccine employed was a killed and caxbohzed suspension of 8,000 
mi on l 7 clioleuB per c c The animals used for the immunity experiments have 

( 957 ) 
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been large healthy rabbits of both sexes free from any visible signs of disease 
They weie injected subcutaneously with 0 5 c c and 1 c c doses at weekly intervals 
and their sera tested for agglutinin content 12 days after the administration of 
the last dose Thus the doses of vaccine used were the same as are employed for 
piophylactic purposes m man Four animals were used on each occasion two for 
the trial of the vaccine stored m the frigidaire and the other two for the vaccine 
kept at 37°C 

The following tabulated results show m detail the agglutination titre of 
rabbit sera immunized m the manner described above — 

Table T 


Cholei a vaccine freshly pi epai cd 



+ = Agglutination 

0 = No agglutination 


Discussion 

It has to be remembered that we are dealing throughout these experiments 
with agglutinin response as a criterion of antigemc efficiency of the vaccine This 
may bear little or no relation to immunity as defined by the ability of inoculated 
animals to lesist infection after a dose of live culture of oi ganisms lethal for unmocu- 
lated animals Secondly, due allowance has to be made for variation m response 
to vaccine administration shown by the experimental animals 










Table II 

Choleia vaccine stored at 4°C m the fi igidaire 
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Table III 

Cholera vaccine stoied at 37 °C 
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Fl0m Uie m .,W of tlio tubulated .multi .1 would .<ppc.ii «'.'*■ •> temperature 
. ,L i0 \ s „ ot cause any appreciable <leto.omt.on ... tl.c nffilulmogomc pour 
„f tie wane Agglutination title of fleshly picpmed vaocmc-admimstere 
tZ about a week of its piepaiatio„-is about the same a, that of one year old 
vaccine stored nnrlei above experimental conditions 


Graph 

Graph showing agglutination curves. 



Vaccine stored in Frigidaire 

n " " Incubator, 

litre of freshly prepared cholera vaccine. 


Storage at a low temperature, as foi instance that obtained m a frigidaire, 
is more efficient than m the incubator, but special precautions for preservation 

of ^vaccine are unnecessary at least for a year at a temperature not exceeding 
37°C 

At present tlie life time of cholera vaccine stored at room temperature lias 

een fixed for 6 months From the observations noted above it would appear that 
J, MR 
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tins period may be extended to a year Before coming to such a decision, however, 
it has to be considered that the cholera vibrio m finished vaccine undergoes pro- 
gressive autolysis and m this process may liberate its endotoxins m the medium 
A vaccine stored for a period of more than 6 months may, therefore, give rise 
to unpleasant local and general reactions, making the practice of inoculation 
unpopular to the masses 
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Introduction. 

Our attention was drawn to tins method through papers by Dr Lucy Wills 
(1930) dealing with the anaemia of pregnancy m Bombay and by Mclver and Ghosh 
(1931) giving halometnc readings m Indians The method, if reliable, appeared 
to us to have applications not only m the study of anaemias, etc , but m the 
laboratory m the case of haemolytic mixtures and in other conditions where it is 
desired to measure changes m the size of the red cell 

An important point seemed to us to be that only dried blood films had so far 
been used In the drying of films, viscosity, surface tension of the plasma and 
possibly other factors might be supposed quite considerably to alter the size of the 
cell Having found that an excellent diffraction image could be obtained with 
red cells m serum or other fluids we began a study of the method The present 
paper gives a general account of the method with description of a technique by 
which readings can be taken m a simple way under the microscope 

Historical. 

Thomas Young (1773-1829) was probably the first to use the principle of 
diffraction m the measurement of wool fibres and, later, of the diameter of red blood 

( 963 ) 
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eoipust lcs The insti umciit he used is j cfened to m textbooks on physics (Preston, 
1928) under the heading of ‘ Young’s Enometei ’ (from Gr Enon — wool) 
It consists of an oblong metal plate m the centre of which is bored a small circular 
hole about 2 mm , or less, m diameter Siuioundmg this central aperture, and at 
a distance of about 2 cm radius, is a encle of about 32 pin-pomt holes This 
plate is set up m front of a strong light and, on viewing the light through a blood 
him, a series of concentric diffraction rings is seen round the central aperture, while 
the ring of pm-pomt holes appears as a circle of luminous popits The film is moved 
towards the light, or away from it, along a graduated scale, until the circle of 
luminous points coincides with a selected coloured ung The distance of the blood 
film from the plate (pieviously determined foi ‘ normal ’ or standard films) varies 
directly as the average diameter of the red blood corpuscles Since 1924 further 
advances m the use of this diffraction method have been made, more particularly 
in the study of pernicious anaemia and othei pathological blood conditions 
Pnce-Jones (1910, 1911, 1920, 1921), foi instance, studied the size of icd blood 
corpuscles m pernicious anaemia by drawing the outline of 500 cells, m a dried 
film, magnified 1,000 times, and measuring them with a micrometer scale 
Ponder (1922) studied the changes m size and shape of the red blood corpuscles 
while undergoing haemolysis by means of photography The amount of work 
involved m these methods, however, precludes them fiom being used for 
clinical purposes 

Pijper (1924) introduced a new diffraction method m which an oidmniy dried 
blood film is used as a diffraction giating and the average diametei of the red 
blood cells deduced from the size of the coloured rings thrown on to a scieen The 
method, however, requmed the use of a dark room and, later, Pijpci (1929) 
described a simpler and more perfect apparatus in the use of which a dark 
room was not necessary This consists of a wedge-shaped wooden or metal 
box about 40 cm long and 25 cm high In the nairow end of the box a 
lens is fixed and m the wide end a ground glass screen is placed m the focal 
plane of the lens The box is divided into two lateral halves by a vertical 
partition which extends fiom the back of the lens up to the scieen In front 
of the lens is placed an opaque scieen m which are two holes each 1 5 cm 
square In front of one hole is placed a noimal blood film and m front of the 
other the film to be examined 

By this method a normal blood film can be compared on the screen with a 
film of blood from a patient It is claimed that the average diameter of nearly a 
million corpuscles can be calculated with an accuracy of about one-tenth of a 
micron The formula used m the calculation of the diametei of the cells will be 
discussed m a later section of the paper 

Edwards (1929) has simplified this apparatus considerably The source of 
light (a flash lamp of the ‘ pointohte ’ variety) and the collimating lens are 
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contained m one smallei box and the focusing lens and screen in a larger box, both 
boxes being fixed on a common base boaid The apparatus is thus self contained 
and, as the autlioi lemaiks, could be made more poitable by malang both 
boxes of the collapsible bellows type 

Another type of mstiument, called a ‘ Halometei ’, which depends on the same 
principle and differs only m details of constiuction, is described by Eve (1929) 
A tmy electric bulb and a battel y arc enclosed m a small black box with a hole at 
one end against which the slide is clamped The coloured halo seen on looking 
through the shde is duplicated by leflection fiom a pail of inclined mnrors and by 
moving a knob at the side of the box the two haloes are moved towards each other 
until their red edges aie ]ust touching A scale, along which the knob moves, 
now records the angular measurement of the halo and, by lefeience to a printed 
table, this figure can be conveited into one giving the aveiage size of the 
red cells 

Emmons (1927) and Meihn Piyce (1929) desenbed an apparatus depending on 
the principle of Young’s original enometer The 1 Clinical Enometer 5 described 
by Emmons is compact and portable and consists of two telescopic tubes , one 
contains the souice of light m fiont of which the perforated disc is fixed , the other 
tube fits into the former and carnes the slide foi the film The instrument is 
cahbrated for a definite ring of the halo and, when the tubes are moved till the 
circle of small holes in the disc coincides with this ring, the diameter of the red 
cells can be read from a scale fixed to the side of the instrument 

Merlin Pryce described two simple methods of arriving at the size of red cells 
One is Young’s enometer as desenbed m a previous paragraph The other method 
is even simpler, the only apparatus required being two electric bulbs These are 
placed about two feet apart at nght angles to the line of sight On viewing these 
two hghts through a blood film, two haloes are seen one from each light These 
haloes appear to become smaller to the observer on approaching the hghts, and 
larger on stepping back from the lights The distance from the light at winch 
any pair of corresponding coloured rings makes contact is directly pioportional 
to the average size of the red cells 


Apparatus. 

Finding the ongmal methods not quite suited to our requirements, for one 
reason being rather bulky and, for another, not very suitable for observing 
ied cells m fluid, we set about seeing whether some ordinary microscopical 
adjustment could be made so that examination by the diffraction method 
could be earned out more or less as one makes other observations on blood 
cells m the laboratory Eventually we dewed the very sunple apparatus shown 



966 


Method of Determining Diameter of Red Blood Corpuscles 



Showing tlie arrangement of the apparatus 

P — The source of light 
S — The screen 

L — The collimating lens placed at its focal distance from P 
M — Plano mirror and microscope, details of which are shown in fig 2 
E — No 1 ejepiece fitted with micrometer 

G — Smoked glass or portion of the dark part of a developed photographic plate used as required to dimmish 
glare from the central disc 
t\ — Base board on which the apparatus is fixed 
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The essential part of the apparatus is a parallel beam of light, and this requires 
only a suitable souice of light and a lens (an ordinary plano-convex is usually 
recommended) fixed at its focal distance fiom the source of light A small opening 
of about 2-3 mm m an opaque screen placed between the light and the lens gives 
improved definition m the diffraction image The parallelism m the beam of light 
can be checked by comparing the size of the disc just beyond the lens with that 
on a distant scieen It is convenient to have some sort of base board on which 
these parts can bo permanently fixed and vlnch will also take the micioscopc base 
m a fixed position , the distance between the microscope and the collimating lens 
is immaterial Foi light we have found an ‘ Edisuan ’ 100 C P ‘ pomtohte 5 to 
he very suitable 

In our earlier experiments we used vaiious types of lenses to focus the diffrac- 
tion image on to a screen The focal distance of such lenses was determined and a 
ground-glass screen placed m the barrel of the microscope m the focal plane of the 
lens Eventually it was found to be more convenient to use a suitable low power 
microscope objective (leveised over the prepaiation) and to observe the spectrum 
with another low power objective used m the ordinary way, the eyepiece of the 
microscope being fitted with an eyepiece micrometer by which the value of ‘ r ’ 
could be read The apparatus is sufficiently explained m Eig 2 

To make an observation the lens L (Fig 2) is placed m position and some 
distant object is brought to a focus (as seen by looking through the microscope) 
The microscope is now set and should not be disturbed or focused m subsequent 
observations 


So set the microscope is now replaced on the base board, if it has been taken 
from this, and the preparation to be examined is placed under the lens L 

(Fig 2) 

The spectrum can now be seen on looking down the microscope If necessary, 
adjustment of the lens (L, Fig 2) can be made by simply moving it about by hand 
until the optical system is centred The radius ‘ r ’ of the yellow ring of the second 
spectrum, for example, can now be read off on an eyepiece miciometer which has 
been previously calibrated against a stage micrometer 

Any two objectives can be used, for the collecting and examining systems 
respectively, that give the necessary magnification to display the spectrum, but tins 
requirement together with the limiting effect of the numerical aperture, practically 

Ztf lens t0 tW0 01 thlee Slzes We W found a combination 

collecting M “ f AA 12 of 0 3 “ a < f »^> 15 6 mm ) as a 

o numl.Jl e “ S “” d “ ° b J eo “ Te az of magnification 3 (focal length 36 mm ) with 

LZIenSrr 8 th V eXamimng ’ suitable and our 

» requZ m tt Z? T “ Z ^ ^ { ° Cal 1™ ». which 

maker's catalogue ’ “ ^ “ ‘ °4 ulvaIe “ t ^ distance ’ in the 
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Provided the above reqmiements are available, observations on diffraction 
can be made with no more trouble than that involved in an ordinary micioscopic 



Showing liow the microscope is fitted up 
M — Plano nnrroi by winch the parallel rays o£ light aro reflected up through 
the preparation, S, to be o\ammed 

C — A cylinder diaphragm of 4 mm aperture under the stage in place of tho 
usual condenser and placed so as almost to touch tho slide S 
B — A movable metal bridge on wlncli the objective L, inverted, is earned by 
means of the flange F 

0 — The objective of the ordinarv microscopic examining apparatus 
The dotted lino above L indicates where tho diffraction image is biougbt to a 
focus by the lens L 

examination An advantage m the microscopic method is, that it gives the eftect 
using only a small portion of the film which can be maiked, and, if necessary, actual 
measuiement of cells with a micrometei can be made m the same limited field 
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Appearance of the Diffraction Image. 

On examining tlie tlun end of an oidinaiy wellnnadc blood film by means of 
this apparatus a diffraction image is seen, which, from the point of view of 
brilliancy and purity of colom, is equal to that pioduccd by any other form of 

apparatus tried by us 

In the centre of the field is seen the ‘ ccntial disc of blight white light 
surrounded by the coloured rings of the vanous spectra Passing fiom the centre 
of the field towards the periphery the fust colour to be seen is an ill-defined yellow 
merging into orange and then red We have accepted Pijpci’s view that these 
rings represent all that can be seen of the spectrum of the ‘ first order ’ In the 
case of a blood smear containing red cells of 7 8 /< average diametci, foi example, 
the maximum radius of the led ling is about 1 2 mm 

Next comes the spcctium of the 1 second order and this is complete The 
inner edge of the violet is usually well defined, there being only n slight, overlapping 
with the first spectrum The outei edge of this ring is not very clcai and appears 
to merge through blue into the green The next ling is the yellow which is bright 
and well defined, and measurement of the ladius of its brightest jmrt is the most 
convenient to use together with the w T ave length for yellow light, or X = 0 59 p 
This measurement is referred to hereafter as ‘ r 5 Red cells of 7 8 ]t, for instance, 
give ‘ r 5 = 1 99 mm The red or outer ring of the spectrum is separated from the 
yellow by a thin orange band 

Of the spectrum of the ‘ third order ’ only the green aird pait of the yellow r 
can ordinarily he seen since its outer rings are beyond the field of the microscope 
and the inner ones are overlapped by the second spectrum, the red of the latter 
appearing to merge with the green of the tlmd spectrum As is explained m text- 
books on physics, the diametei of these rings vanes inversely as the diameter of 
the cells and the bnlliancy is adversely affected by megulanty m the shape and 
size of the cells Fig 3 (drawn to scale) is an example of the diffeient sizes of 
spectia produced by different sizes of red cells The half spectrum on the left is 
from human cells averaging 7 79 p m diameter, and that on the light fiom hoise 
cells aveiagmg 5 61 p m diameter 

The above description refers to the diffraction image pioduced by a dry film, 
but the effects given by red cells m a fluid medium such as serum are just the same 
For wet preparations we found the ordinary Thoma-Zeiss blood-counting apparatus 
o >e quite suitable Blood taken from the finger is diluted, by means of the 
Uffntmg pipette, with previously prepared serum from the same case, about 1 m 
o m 200 and a small drop placed m the cell of the slide, the preparation being 


wJZ'ZtlTZaTl 7 T? tl,C '**“**”' 10 hc draWn fr0m tlie appearances of the 

“ WUl be f ° und m P,3per ’ s arhcle “ the ^ . 
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covered witli an ordinary thin covershp After a mmnte or two the cells will have 
settled down and, provided the con ect dilution has been made, can be seen lying 
side by side as m a thin dry film A certain amount of rouleaux formation takes 
place eventually, but befoie this happens thexe is usually ample time for the 
measurement of the diffraction image In Table II aie given figures obtained 
by this method showing the diameter of led cells suspended m serum as 
compared with that of cells in dried films prepared at the same time 

By the theory of diffraction spectra, when white light passes through a diffrac- 
tion grating the different colours of which it is composed are diffiacted through 



different angles The relation of the width of the bars of the giatmg to the amount 
of dispersion of the coloured bands m the spectrum is dealt with m textbooks on 

Physics and is given by the formula d = where ‘d’is the distance between 

the fines on the grating from centre to centre or, m the case of a blood film as 
shown later, the diameter of the red cell, 6 is the angle of diffraction of a 
particular colour of wave length ‘ \ and ‘ n ’ a constant 

By placing a lens between the grating and a screen which is m the focal plane 
of the lens, each wave length is brought to a focus on this scieen thus forming a 
series of bands of light of different wave lengths If the rulings on the grating 
are uniform, then it may be assumed that the rays of diffracted fight for each wave 
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length before they enter the lens are paiallel and, theiefoie, that the distance 
between the lens and the grating is immaterial 

Tig 4 explains liow 7 the formula is modified by the use of a lens The numbers 
1 to 5 repiesent parallel rays of diffiacted light being biought to a focus by a lens, 
L, at a point F 1 on the scieen S, and one of which passes through the optical centre 
of the lens NW repiesents a ray of light passing along the optical axis of 
the lens and stiilang the scieen perpendicularly at W, the centre of the white 
* central disc ’ of the diffraction image OW is the focal distance of the lens, 



N 

Fig 4 


W the radius of the coloured ring formed by the diffracted rays There- 
fore, S in0 = W = _ r 0 , 

Fl ° V 1 (OW) 2 + (F l W)- v 1 p”_j.- r 2 — Substituting this 

value of sm d m the above formula we derive the formula d = n x + r- 
wluch is that used m calculating the diameter of the red cell from observed" i 5 
grounds °‘7> I! ? f* ^ ^ ttere 18 ^^y is ‘ n ’ On theoretical 

spcetium , oi~n’ -T ln ftf it ^ T °* ^ ^ nngs of the 

case of tn “ 2 tte case of tlle sec ond spectrum , and ‘ n ’ — 3 in +i 1P 

“° f “* ^ S P“ trUm “4 - — ‘n’bemg a wide ama l~ a 
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diffraction grating we found oil actual t-nal (using wlnte light and measuring 
the yellow ring) the values of £ n 5 to be 0 99 foi the first spectrum, 1 996 
for the second and 2 88 for the third (The accurate measurement of ‘ r 
for the third spectrum was difficult owing to marked loss of brilliancy of this 
spectrum ) 

This, however, does not apply to the circulai diffraction spectrum pioduced 
by led cells, where, from actual trials as against red cells measured with the 
micrometer, the value of ‘ n ’ was found to be 1 7 for what we have taken to be the 
second spectrum 

Several authors on optics refer to the radius of the diffraction rings as being 
greater m the case of a circular aperture as compared with the edges of a slit 
Wright (1906) says about i greater, in which case ‘ n ’ = 1 2 foi the first 
spectrum , 2 4 for the second, and so on We have not, however, been able to 
find any mention of the exact theoretical basis on which this calculation 
is made 

The 1 cause of the diffraction spectrum as produced by red cells 

The diffraction spectrum given by a prepaiation of red cells is m the form of 
concentric coloured circles as described in a previous paiagiaph 

The way m which the led cell causes this particulai diffiaction effect was not 
at first obvious 

Since the led cell is not peifectly opaque to light, some experiments veie made 
with led cells stained black on a cleai backgiound as compared ruth unstained 
cells on a clear ground If an isolated cell, in a smeni which has been stained 
black, the background between cells being cleai, is examined undei an ordinary 
microscope (£ obj ) without eondensei, and illuminated as shown in Fig 2, 
and so arianged that the image of the apertuic m the scieen is exactly m the centie 
of the cell (this adjustment must be aceuiate), then the following appeaiances are 
seen With the cell m focub theie aie supeiimposed upon it very faint dark and 
coloured rings but no definite central disc , round the edge of the cell are seen faint 
coloured bands If the micioscope tube is now slowly racked up, a point is leached 
when the cential disc appeals and we now have the usual image as formed by an 
opaque disc placed m the path of a beam of light going towards a screen The 
reason for the central disc not being visible when the cell is m focus is that, taking 
any point on the axis of the disc (or red cell), the n eaier this point appioaches the 
disc the less its illumination becomes, because the lays of light pjoceedmg from 
the edge of the disc become moie and moie oblique and hence the effective inter - 
fenng lays become moie and more cut off (Pieston, I928«) When the point 
reaches the disc (l e , when the cell is m focus) no definite cential illumination is 
seen 
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On the other hand, when an unnamed coll is examined in the same way, the 
appearances seen aic quite diftcient With the cel) m focus, a blight faction 
unaerc is seen In the aica of the cell is a vivid central disc suirounded by dark 
rings and colomed rings (2 of each) Outside the cell area are seen two or three 

coloured bands 

When the microscope tube is lacked up slowly the ccntial disc changes 
from wlnte to black, and vice versa, m iapid succession till a point is reached 
where it remains white (and larger) and suirounded by colomed concentric 

rings 

When a veiy thin wire is placed in the path of a naiiow beam of light pioceed- 
mg to a scieen, the image produced on the screen consists of two sets of fnnges, 
one on either side of the image of the wnc, and the othei inside the image of the 
wire The diffraction spectrum is caused chiefly by distmbanccs produced at 
points corresponding to the diamefeis of the wne which the light lays just graze 
(Franklin and McNutt, 1924a , and Preston, 19286) From these observations it 
appears quite probable that the unstained led cell does not act precisely as an 
opaque disc but, that the diffraction spectrum is caused both by the outer and 
inner dark edges of the rim-like outline of the cell (cf a ring of wire), and that 
the rings must be produced mainly by points on the edges of the rim of the cell 
giving interference effects with opposite points of the cncumferencc of the cell, 
the diameter of which therefore corresponds approximately to the interval 
between the grating mteivals of a diffraction grating as figuied by Fianklm 
and McNutt (19246) 


Determination of the Value of ‘n’. 

After studying the subject at some length, it appeared that the theoretical 
determination of the value of ‘ n 5 m the case of the diffraction produced by red 
cells was somewhat uncertain 


According to textbooks on optics, the first bright spectrum formed by a diffrac- 
tion grating appears when the value of the factor ‘ n 5 is 1, the second when ‘ n ’ 
is 2 and so on In the formula given m the eaiher of his papers Pqper uses these 
values , m a later paper (1929) he uses 1 7 as the value of ‘ n ’ but gyves no indica- 
tion as to how this figure was arrived at, whether theoretically, or as the result of 
experimental determination In determining the value of £ n ’ experimentally, 
ve used human red cells as well as those of the animals noted in the following 
a Jl e (Table I) where the values of'i’ as determined by the diffraction method 
am ol d as determined by actual micrometer measurements are given From 

tlT^th ® V f UeS ‘, n ’ are woxked out and sk <>wn m column 4 It will be seen 

1 G9 tins to fu 11 7m 1GS m C ! lfierent ° aseS from 1 64 t0 1 72 TOth an aveiage of 
g d ed blood klms and 1 7 with wet. We have taken the value of ‘ n 
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theiefore, for purposes of calculation as 1 7 This is the same figure as was used 
by Prjper as noted above 

Table I 


The determination of the valve of‘n’ from actual measurements 
A Using dried blood films, and the apparatus described m text 


Source of red 
blood cells 

‘ r ’ 

(m microns) 

i 

‘ d ’ calculated 
(in microns , 
and ‘ n ’ =17) 

‘ d ’ measured 
(microns) 

‘ n ’ calculated 
from observed 
values of 
‘ r ’ and ‘ d ’ 

i 

Normal horse 

2764 54 

5 75 

6 61 

1 66 

Rabbit 

2176 34 

7 26 

7 32 

1 72 

White rat 

2362 80 

6 73 

6 62 

1 68 

Goat 

4411 50* 

3 68 

3 55 

1 64 

An-emic horse 

2646 90 

5 99 

5 97 

1 69 

Sheep 

2882 18 

5 52 

5 30 

1 65 

Guinea-pig 

2088 11 

7 63 

7 70 

1 72 

ACC 

1999 8S 

7 88 

7 79 

1 68 

L Singh 

1941 06 

8 12 

8 19 

1 71 

Valentine 

1911 66 

8 24 

8 28 

171 

Puran 

2014 58 

7 83 

7 72 

1 68 




Average 

1 69 


B Using blood cells diluted in serum and a lover powered lens m place 
of L (Fig 2) and measuring ‘ r ’ on a screen placed above it 


Rabbit 

5 25 

I 

6 94 


1 69 

White rat 

5 75 1 

1 

6 73 


1 79 

Sheep 

7 25 | 


4 82 


1 62 

Guinea pig 

5 00 [ 


7 54 


1 72 

\ 

\ 

) 

t 

1 

Average 

1 705 


* Owing to tl\e extremely small sn\ e of the goat’s red colls the yellow band m the diffraction 
image was projected just beyond the fipld of view m our apparatus and hence the valuo of ‘ r ’ 
cannot be taken as strictly accurate, 
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Comparison of results from * wet ’ and ‘ dry * preparations. 

Companson of the results obtained with human cells diluted in serum as 
previously described and with the cells measuied m dry films is given m Table II 
It will be seen that conti ary to what might have been expected the amount of 
difference is veiy small amounting on the average to about 0 3;/ less in the dried 
than m the wet film 

Some experiments with dned films made from blood diluted with scrum so as 
to reduce the number of cells also gave readings not noticeably different to the 
usual dried film, though the intensity of the spectrum being reduced theieby 
readings could not be made so cutieally 

There appears reason to believe therefore that dried preparations of blood 
m most circumstances will give results only slightly different to wet preparations 
and the use of dried films for measuring the size of red cell by the halometnc 
method is therefore justified 

With this result which appears to us impoitant we close the present paper as 
further work by us dealing with the effects of hypotonic salt solutions and other 
circumstances affecting the size of the cell, such as surface tension, chemical and 
immunological effects, appear best dealt with as special contributions 


Table II 


Measurements, by the diffraction method, of human red cell in dried films 
and m serum suspensions (= wet preparation) 


Number of 
, case 

‘r ’ 

Dried film 

1 

1852 8 

2 

1852 8 

3 

1882 2 

4 

1852 8 

5 

1852 8 

6 

19116 

7 

1882 2 

8 

1823 4 

9 

1894 0 

10 

1894 0 

11 

1764 6 


IN MICRONS 


1 d 


’ (calculated) 


IN MICRONS 


Wet preparation 


Dried film 


Wet preparation 


1823 4 
1823 4 
1823 4 
1794 0 
1794 0 
1823 4 
1823 4 
1764 6 
1823 4 
1823 4 
1735 2 


8 50 

8 64 

8 50 

8 64 

8 37 

8 64 

8 50 

8 77 

8 50 

8 77 

8 25 

8 64 

8 37 

8 64 

8 64 

8 92 

8 32 

8 64 

8 32 

8 64 

8 92 

9 08 
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Table II — concld 



' r ’ in microns 

‘ d ’ (calculated) in microns 

case 

Dried film 

1 

Wet pieparation 

Dnod film 

Wet preparation 

12 

1852 8 

1794 0 

8 50 

8 77 

13 

1894 0 

1882 2 

8 32 

8 37 

14 

1862 8 

1794 0 

8 60 

8 77 

15 

1852 8 

1704 6 

8 50 

8 92 

16 

1852 8 

170A6 

8 50 

8 92 

17 

1911 0 

1823 4 

8 25 

8 64 
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Introduction 

The ability of certain micro-organisms to synthesize vitamin B both m 
the abmentary tract of some animals and m artificial media has been demonstrated 
for some years Heller, McBlro'y and Garlock (1925) found that certain spore- 
bearing organisms present m the intestinal tract of rats could synthesize vitamin B 
That the rumen of the cow contains a type oiflavo bacterium, which normally 
synthesizes £ vitamin B has been shown by Bechdel el al (1928) Calves have been 
brought to maturity on diets containing very little vitamin B The phenomenon 
of refection (Fndericia et al, 1927 , Roseoe, 1927 , Kon and Watchorn, 1928), 
though its nature is still obscure, appears to indicate that under certain conditions 
organisms in the intestinal tract of rats can synthesize and supply sufficient vitamin 
B to make the animals entirely independent of an outside source 

The synthesis of * vitamin B J by B coll in an artificial medium lias been 
effected by Hosoya and Kuroya (1923) Vitamin B j and * bios ’ can also be similarly 
produced by certain strains of yeast (Peskett, 1927 , Copping, 1929) Scheunert and 
Schieblich (1927) have successfully grown Bacillus vulgaius (Flugge) m an artificial 
medium and have found that the dried bacilli can supplement a. vitamin B deficient 
diet for the growth of young rats 

The present work was started m order to investigate whether the process of 
production of vitamin Bj m a simple artificial medium containing known consti- 
tuents would be of greater advantage so far as the isolation of the vitamin was 
concerned than the usual methods, which start with materials such as yeast 
and wheat germ, containing many unidentified substances Bacillus vulgaius 
( Hugge) was chosen for this work and it was sought (1) to estimate the amount of 
J ’ MR ( 977 ) 18 
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vitamin Bj, that it is capable of synthesizing in a simple synthetic medium, (2) to 
investigate if the synthesized vitamin is secreted into the surrounding medium or is 
kept endocellularly bound, and (3) to find out whether the presence of histidine 
m the medium would lead to an increased yield of the vitamin Obviously, if the 
synthesized vitamin is kept bound inside the cell, this method can offer no substan- 
tial advantage over the ordinary methods of fractionation, which start with the 
yeast cell The third point was investigated m view of the suggestion of Jansen 
and Donath (1926) that the vitamin possibly contains an immazole nucleus 
Incidentally, the powei of Bacillus vulgatus to synthesize * bios ’ hag been 
investigated 

Experimental 

The culture of Bacillus vulgatus (Elugge), used m these experiments, was 
obtained from the National Collection of Type Cultures This was subcultured on 
tryptic broth agai slopes and cultures, which were less than 48 hours old 

The ‘ synthetic 5 medium was approximately the same as that used by Scheunert 
and Schieblich (1927) and had the following composition — 


Dextrose 

(g) 
30 0 

Malic acid 

10 5 

Microcosmic salt 

15 0 

Magnesium sulphate 

06 

Calcium chloride 

0 02 

Dipotassium hydrogen phosphate 

30 

Ferrous sulphate 

trace 


These substances were all of the puiest variety obtainable (Kablbaum or 
B D H 'A E 1 products) The malic acid was separately weighed out and neutra- 
lized with the requisite amount of N NaOH All the constituents were dissolved 
m distilled water, brought to pH 7 0 (electrometncally) and made up to 1,550 c c 
The vitamin Bj content of this medium was estimated (see later) and was found 
to be ml The medium was sterilized m Roux bottles by heating foi 20 minutes 
on three successive days m a steamer In older to have as little preformed vitamin 
Bi and ‘ bios ’ as possible m the inoculating bacterial suspension the following 
procedure was adopted A fresh culture of Bacillus vulgatus on an agar slope was 
gently stirred with 5 c c of sterilized Ringei’s solution and 0 2 c c of this was 
inoculated into ] 50 c c of the sterile medium m one Roux bottle, which was then 
incubated at 37°C for 72 hours 0 2 c c of the bacterial suspension m this Roux 
bottle was then inoculated into the sterile medium (150 c c ) m each of the other 
Roux bottles, which were subsequently incubated at 37°C for 6 days The medium 
of the first Roux bottle, containing the bacterial suspension with which these 
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inoculations were made, was discarded There were signs of giowth during the 
first 24 hours, and the growth was quite vigoions during the next 24 hours The 
rate of growth fell off after the first 72 hours The bacilli alw ays tended to accumu- 
late as a scum on the suiface The pH of the medium (7 0) changed to 6 50 aftei 
3 days’" incubation and to 8 67 after 6 da\ s incubation The fall m pH followed 
bv a rise is apparently due to the production of oigamc acids, which aic subsequently 
combusted, leading to an accumulation of alkaline caibonutes 


The vitamin B\ potency of the (hied bacilli 
After 6 days’ incubation, the bacilli, which had giowm m 1,350 c c of the 
medium, were centrifuged off The residue of bacilli w as dried fust at 50° and then 
in a vacuum desiccator (dry weight = 1 3051 g ) By the same method other 
batches of Bacillus uilgalns were giown and the yield was of the same ordci 

Each lot ofvL 3 g of the dried oiganism was boiled up with 15 c c distilled 
water and 01 cc glacial acetic acid foi 11 minutes and filtered under suction 
The slightly opalescent solution was fed to polyneuritic pigeons and the average 
day-dose was computed by the usual method of dividing the dose administered by 
the number of days for which protection was afforded The general technique 
for assay has been described elsewdiere (Guha and Diummond, 1929) 


1 Dose administered, 
expressed as equivalents 
of the dried hacilli (g) 

Number of days 
of protection 

Daj dose (g ) 

1 3 

4 

0 325 

13 

5 

0 20 

13 

4 

0 325 

13 

4 

0 325 

13 

3 5 

0 37 

13 

13 

* % 


* This test was neglected as probably an abnormal case. 

Hence the average day-dose is equivalent to 0 321 g of the dried bacilli. 


The vitamin Bj potency of the medium aftei Sepal ation fi om the organisms 
The centrifugate from the bacilli was somewhat opalescent, and m ordei to 
remove the last traces of the organisms, this was rapidly filtered through a very 
1D a ^ er of hieselguhr under suction As the pH of the medium was 8 67 the 
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vitamin was not appreciably absorbed by tbe laeselgubr (Guha, 1931) The filtrate 
was then faintly acidified with hydrochloric acid, and, as it contained a fair amount 
of inorganic material, the vitamin m it had to be somewhat concentrated before 
feeding The following operation was repeated for different batches of the 
medium 

One thousand two hundred c c of the medium were concentrated under reduced 
pressure to 275 c c and treated with 275 c c of absolute alcohol After standing 
overnight m the refrigerator the crystalline precipitate was filtered off and washed 
with 70 cc 50 per cent alcohol The precipitate was almost entirely inorganic 
The filtrate was concentrated under reduced pressure to 165 c c , filtered from a 
further quantity of precipitated inorganic material and treated with concentrated 
H 2 SO 4 to make it 5 per cent acid and then with 80 c c of saturated phosphotungstic 
acid m 5 per cent H0SO4 After standing overnight the phosphotungstic precipitate 
was filtered off, sucked dry on the Buchnei funnel (weight = 20 g ), ground up with 
200 c c of 50 per cent acetone, filtered from a small quantity of undissolved residue 
and reprecipitated with 750 c c of 5 per cent H 2 S 0 4 After standing for 24 hours 
the precipitate was removed, washed with 5 per cent H0SO4 and then with a small 
quantity of water, dissolved m 150 c c of 50 per cent acetone and decomposed 
by saturated baryta, the excess barium being removed fiom the filtrate by 
sulphuric acid The solution was concentrated under reduced pressure before 
administration 

Several batches of the medium were worked up m the above way after removing 
the organisms Tests on pigeons, however, yielded practically negative results 
m doses corresponding to nearly 800 c c of the medium 

The vitamin Bj potency of the medium before inoculation with Bacillus 
vulgatus was tested after a similar fiactionation with entirely negative results 


The ‘ bios’ activity of the medium before and after gioivmg 
Bacillus vulgatus * 

The following basal medium was used for the growth of Saccharomyces cere- 

VISIW — 


Sucrose 

Per cent 
2 

Ammonium chloride 

0 25 

Magnesium sulphate 

0 25 

Potassium chloride 

0 25 

Disodium hydrogen phosphate 

0 25 

Calcium carbonate 

0 05 


* 


I am indebted to Dr C Elveh]em for his help in this part of the work 
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Tins medium was found to contain 0 2 mg non pci 100 c c 
The results of the ‘ bios ’ tests arc given in the following table — 


Volume of basal 
medium used for 
the growth of 
yeast (oc) 

Nature of addendum 

Volume of 
addendum 
(c c ) 

Dry v eight of j 
the inoculum of 
y east cells (mg ) 

I 

Dry v eight of yeast 
cells after 48 hours’ 
incubation at 25° 
with continuous 
aeration (mg ) 

50 

1 

1 

5 

1GG 

50 

B vulgatus medium 

1 before inoculation 
with B vulgatus 

4 

5 

220 

50 

B vulgatus medium fil- 
tered after 72 hours’ 
growth of B 
vulgatus 

o 

5 

252 

50 

B vulgatus medium 
filtered after G days’ 
growtli of B 
vulgatus 

o 

5 

329 


Unfortunately, m the above experiments the size of the inoculum of ) east cells 
happened to be somewhat too laige, which would tend partially to mask the ‘ bios ’ 
effect of the addendum Even so, the figures quoted show that 2 c c of the Bacillus 
vulgatus medium, obtained aftei the bacilli have grown for 6 days in it, have a 
relatively much greater stimulating effect on the growth of yeast than 4 c c of the 
fresh Bacillus vulgatus medium It may be noted that the ‘ bios 5 effect of the 
medium after 3 days’ growth of Bacillus vulgatus is relatively slight This might 
either mean that the production of ‘ bios ’ is comparatively slow during the first 
3 days or that the ‘ bios ’ synthesized is liberated to some extent during the last 
ays of incubation due to partial autolysis of the cells Assuming the minimum 
e ectable dose of bios ’ to be lower than the minimum detectable dose of the 
m amin, it is possible that such partial autolysis, while indicating the presence of 
ms , would not reveal the presence of the vitamin m the medium 


The effect of histidine on the pi oduchon of vitamin B x by 
Bacillus vulgatus 

amount U mi" 1 0 76 8 mahc aold was replaced by the same 

same ’ d P Ioced ” e fOT mediation and incubation was the 
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The dried bacilli corresponding to 1,350 c c of the medium weighed 1 2012 g 
The weights of the oigamsms obtained m different batches of the medium were 
approximately of the same order There is, thus, no stimulating effect of histidine 
on the growth of Bacillus vulgatus m this medium 

Pigeon-curative tests with the aqueous extracts of these batches of organisms 
gave the following results — 


Dose fed, expressed as 
equivalents of the dried 
bacilli (g ) 

Number of 
days of 
protection 

Day-dose (g ) 

1 2 

4 

03 

13 

3 

0 43 

1 2 

a 

04 

1 4 

3 

0 47 


Hence the aveiage day-dose corresponds to 0 40 g of the dned bacilli A 
single dose, corresponding to 0 6 g of the dried bacilli, failed to effect a cure 

The medium, after removal of the bacilh, was concentrated m the manner 
described before and was found to be inactive 

Thus histidine had no peiceptible influence on the sjnthesis of the vitamin 
by Bacillus vulgatus 


Summary 

(1) Bacillus vulgatus is not able to synthesize sufficient vitamin 13] m a simple 
synthetic medium to make the process a convenient one foi the concentration of the 
vitamin 

(2) As the vitamin so synthesized is not secreted into the medium, this process 
does not offer any advantage over ordinary methods of fractionation, tv Inch start 
with materials like yeast 

(3) Bacillus vulgatus is able to synthesize ' bios 5 m a simple synthetic medium 

(4) The presence of histidine in the medium has no effect on the synthesis of 
the vitamm by Bacillus vulgatus 
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[The following has been received from the War Office. Ed/] 

London 

21s/ September , 1931 

NORTH PERSIAN FORCES MEMORIAL MEDAL. 

Dr T F Anderson, Colonial Medical Services, lias been awarded the North 
Persian Forces Memorial Medal for the year 1930 for lus paper on a ‘ Report on an 
Investigation of Health Conditions on Farms m the Trans-Nzoia, with special 
reference to Malaria published in the Kenya and East Afncan Medical Journal, 
Vol YI, No 10, January, 1930, pp 274-300 

The North Persian Forces Memorial Medal is awarded annually for the best 
paper on Tropical Medicine or Hygiene published in. any Journal during the pre- 
ceding twelve months by a Medical Officer, of under twelve years’ service, of the 
Royal Navy, Royal Army Medical Corps, Royal Ail Force, Indian Medical Service, 
or of the Colonial Medical Service, provided the Memorial Committee consider that 
any of the papers published has attained a standard of merit justifying an award 
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THE COMPARATIVE VALUE OF ANTI-PLAGUE BILIVACCINE 
AND HAFF NINE’S PLAGUE PHOPHYLACTICL 


CORRIGENDA 

(1) In paper entitled ‘ The Effect of Intiavonous Injections of Quinine on the 

Electroeaidiograni m Man ’ by Lt Col T A Hughes, I M s , in the July 
1931 (Vol XIX, No 1) number of the Indian Journal of Medical Research, 
on page 1 19, line 7 of CONCLUSIONS read 1 occurred ’ in place of 
‘ occupied ’ 

(2) In paper entitled ‘ Leucocyte Changes following Injection of Sanocrysin in 

Pulmonary Tuberculosis and their Significance ’ hi Lt Col T A Hughes, 
IMS, and Dr I) L Shnvastava, in the October 1931 (Vol XIX, No 2) 
number of the Journal, on page 585, line 8, read 1 monocyte lymphocyte 
ratio ’ in place of 1 monocyte leucocyte ratio ’ 

(3) In paper entitled ‘ Studies in the Nutritive Value of Indian Vegetable Food- 

stuffs, Part HI ’, by Dr S P Niyogi, m B , M sc , Messrs N Narnyana, »i sc , 
and B G Desai, n sc , in the January 1932 (Vol XIX, No 3) number of 
the Journal, on page S80, Table I, against ‘ Lens csculeiila ’ read ns 
follows in place of the figures given — 


Pulse 

Ash 

Ether ex- 
tractives 

Crude 

fibre 

Crude 
protein 
NX 6 25 

I 

Carbo 
hydrates 
(bv differ 
ence) 

True pro 
tein (deter- 
mined sep- 
aratelv) 

Lens esculenta 

2 28 

l 10 

1 22 

28 44 

06 96 

24 21 


Anti-plague bmvaccme 

Messrs G Loucatos and Company, Bombay, the agents of La Biotherapie, 
idl, Hue Cambronne, Paris (XVe), addressed letters to the Director HaffHne 

irs w bay a to the ?r L centrai “ Kasaui,: 

secretary, Indion Research Fund Association, with a request to test the efficacy 
of anti-plague bilwaccme prepared according to a formula based on the resfrehes 
’ ( 987 ) j 
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mtrn> COMPARATIVE VALUE OE ANTI-PLAGUE BILIVACCINE 
* AND HAEEIilNE’S PLAGUE PROPHYLACTIC. 


BY 

B P B NAIDU, m i) (Edm ), m ii , vvu , n.T m. (L’pool) 

AND 

R G SATHE, g b v.c 
(From the Hajjh'nc Institute, Pnrel, Bombay) 

[Received for publication, October 10, 1931]. 

Bacterial vaccines have largely been employed with benefit ns n measure of 
protection against infectious diseases such as cholera, plague and typhoid It is 
generally believed that their use ■would be still more popular if it were not foi the 
local and general reactions which usually follow their injections Attempts have 
been made from time to time to prepare detoxicated vaccines without impairing 
their potency The results so far, however, have not been satisfactory 

Professor Besredka, the originator of the local immunity theory, introduced 
the method of administering vaccines by the mouth For this purpose, bile is given 
on an empty stomach followed by the vaccine one half hour later Both the bile 
and the vaccine axe administered m the form of pills Anti-cliolera, anti-typhoid 
and anti-dysentery bilivaecmes are now commercially available for prophylactic 
use The advantages claimed for the employment of bilivaecmes are (1 ) the bile 
and the vaccine pills are easily swallowed, (2) they are free from any after effects, 
(3) their administration does not necessitate the presence of a medical attendant, 
and (4) being dry, they keep indefinitely 

Anto-plague bihvaccme 

Messrs G Loucatos and Company, Bombay, the agents of La Biotherapie, 
131, Rue Cambronne, Paris (‘XVe), addressed letters to the Director, Hafikme 
Institute, Bombay, to the Director, Central Research Institute, Kasaub, and to the 
Secretary, Indian Research Fund Association, with a request to test the efficacy 
of anti-plague bihvaccme prepared according to a formula based on the researches 
J, mr ( 987 ) X 



988 Anti-Plague Bihvaccme and Haff line's Plague Prophylactic 


of Besiedka and containing per tablet 50 milhgiams of heat-killed and desiccated 
plague bacilli which represent from 60 to 70 billion organisms Their object 
was to determine the comparative protective value of anti-plague bihvaccme 
administered orally with that of anti-plague inoculation This paper deals with 
our experiments on the immunizing value of anti-plague bihvaccme as compared 
with that of Huff lane’s plague prophylactic in laboratory animals 

Expenmental animals 

Eats, guinea-pigs and rabbits aTe the pnncipal laboratory animals which are 
highly susceptible to oxpeumental infection with plague Monson, Naidu and 
Avan (1924) found that rats weie not suitable animals for the oial administration 
of bile They could not be induced to eat baits prepared with bile and when bile 
was administered to them by a catheter they speedily died apparently of oedema of 
the glottis Guinea-pigs, however, could be fed with bile by a catheter The 
treated guinea-pigs which were given doses similar to those given by M Legar and 
A Baury (1923) affoided no evidence that any immunity was confened by the oral 
administration of bile and Haffkine’s plague prophylactic or by the oral administra- 
tion of the plague piophylactic alone 

In our previous experiments on the treatment of plague, ve found that the 
rabbits were not only highly susceptible to infection with plague but they also 
yielded results which were consistent and legulai when the experiments were 
repeated several times In view of this experience, we employed rabbits as the 
test animals in our present experiments 

AdminislutHon of vaccines 

For the immunization of rabbits, the vaccines were employed m doses 
recommended for man In the case of anti-plague bihvaccme we followed the 
directions given by the manufacturers, namely (1) to give on an empty stomach 
one pill of bile followed one half hour later by one tablet of vaccine, (2) to give 
feed to animals only an hour after ingestion of the vaccine, and (3) to repeat 
the treatment on two successive days Rabbits selected weighed from 1,310 to 
2,440 grammes and they were given their last feed m the evening and 
immunization with anti-plague bilivaecine pills was commenced the next 
morning on an empty stomach In the first instance, we found difficulties 
in making the rabbits swallow these pills because of their size , the pills were, 
therefore, administered in liquid form by dissolving the bile pill m slightly 
alkaline water and the vaccine tablet in normal saline With some practice 
we were able later on to introduce the pills entire by pushing them back 
down the throat into the oesophagus The pills were administered on three 
consecutive mornings In the case of Hafikme’s plague prophylactic we employed 
a vaccine which had been stored in the laboratory for a little over six months 



B P B Naulv and B G Bathe 


989 


after its manufacture and injected it subcutaneously m a dose of 4 c c as 
recommended for man 

Test dose of plague 

The test virus emploved was the spleen of a rat that had died of acute plague 
A portion of this spleen was weighed and then ground m a mortar with sterile 
sand It was then emulsified with a sufficient quantity of broth so that each 
cubic centimetre of the emulsion contam p d 0 003 milligram of plague spleen by 
weight One cubic centimetre of this spleen emulsion was the test dose employed 
for infection With this amount injected subcutaneously into rats, guinea-pigs 
and rabbits there is invariably a mortality of 80 to ] 00 per cent among these 
animals within 10 days after infection 

• Estimation of protective value of the vaccines 
In the first two series of experiments we allowed an interval of 14 days 
between the immunization with vaccines and the infection with the test dose , 
m the third series this interval was reduced to 7 days The prptective value of 
the vaccines was estimated by the number of survivors after a period of 30 days 
following the infection Ever}' rabbit that died was examined post-moitem , 
smears were made from the bubo, spleen, liver, lungs and heart blood and 
examined microscopically , and further animal passage was made by rubbing the 
spleen of the rabbit on the shaved surface of the abdomen of a rat in ordei to 
confirm that the death had occurred from plague 

Results of the experiments 

We have summarized the results of these experiments m the following Tables 
I, II and III 

Summary 

The anti-plague bilivaccme pills when administered orally to rabbits, eithei 
dissolved or entire, did not confer any immunity against a test dose of plague 
injected after an interval of 7 or 14 days later There was, in fact, no difference 

m the percentage mortality between the animals thus immunized and the untreated 
controls 

Under identical conditions of experiment, however, when Haffkme’s plague 
prophylactic was administered by subcutaneous inoculation m a dose of 4 c c it 
gave 100 0 per cent protection 
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The immunizing value of anti-plague bihvaccme and Hajfkme’s plague prophylactic m rabbits. 
(Bihvaccine pills were dissolved and administered m liquid form , the interval between immunization 

and infection was 14 days) 
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The immunizing value of anti-plague bihvaccme and Haff hint’s plague prophylactic m rabbits 
Bihvaccine pills weie administered entire , the interval between immunization and infection was 7 days 
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STUDIES ON SERUM PROTEINS IN LEPROSY, WITH 
SPECIAL REFERENCE TO HYDN 0 CAR PUS 
TREATMENT 

BY 

G RAGHUNATHA RAO, i m r (Nadi ),imi (Cal ), 

Biha) and Orissa Government Reseat eh Wot lei in Leprosy at the Ptmtha 

Lepo Colony 

[Received for publication, October 21, 19311 

Serum proteins in leprosy have been studied by Scliobl and Basaca (1921) 
who have reported positive globulin precipitation m lepiosy, ‘ m all forms and 
this they attribute to ‘ an upset balance between salts and globulin— possibly 
euglobulm ’ Erazier and IVu (1925) have reported excess of serum globulin m 17 
out of 32 cases of leprosy studied by them, ! of degrees, varying from one to 
three plus most marked m nodular cases Wade (1925), from his studies m 
the Philippines, has found that the globulin value of the serum increases 
progressively with the course of the disease tailing off in recovering cases, and 
has also noted very high values in the phase of ‘ reaction ’ He has also 
observed a parallelism between formalin coagulation and globulin value, using 
the original technique of the old foimol-gel test Napier (1927), who has 
modified the reading of the results in the old foimol-gel test so that it may be 
applicable m kala-azar, denies that the test is positive m uncomplicated cases 
of leprosy, if his standards of positivity are strictly adhered to Rogers (1927) 
while abstracting the paper of Dr Wade, above referred to, m the Tropical 
Diseases Bulletin, remarks that the effect of the Hydnocarpus derivatives 
on the globulin content, has not yet been ascertained He further remarks 
that the formalin coagulation reaction (presumably the old formol-gel test) 
corresponds m a general way with the globulin values and is almost always 
positive m cases with significant increase m globulin He also opines that the 
formalin coagulation test being much simpler than the very difficult laboratoiv 

( 993 ) * 
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globulin value estimations, and being almost parallel to the latter, may therefore 
prove of great clinical value m detecting incipient cases, before they reach the 
stage of clinical symptoms 

Such hopeful opinions concerning the globulin value estimations and the 
formalin coagulation test, expressed by Rogers, naturally tempted the writer to 
undertake a fresh study of the serum proteins m leprosy Also, the fact that, 
with the possible exception of Henderson (1927), who has studied this question 
with special reference to potassium iodide treatment m leprosy, no other worker 
m India seems to have so far studied this question m Indians with special 
reference to treatment with Hydnocarpus preparations, lent additional support 
to this investigation 


Material and technique 

The sera from 252 cases of leprosy, of all types and stages, and of both sexes, 
all of them inmates of the Puruba Leper Colony, have been studied As a control, 
seia from 56 healthy inmates of the ‘ healthy homes ’ of the Colony, have been 
examined As far as possible, the age groups of the patients investigated and 
those of the healthy controls have been kept approximately the same As a further 
control, however, a few untreated cases of all sub-types of leprosy have also been 
studied 

Ten c c of blood was withdrawn from each case the previous evening and the 
blood allowed to clot Next morning, the clear serum was separated and used for 
the different tests Hasmolysed specimens were discarded and slightly red tinged 
ones were centrifuged until cleai serum separated Only clear serum has been used 
for all the tests 

Serum albumin contained mice of serum was precipitated by Spieglcr’s 
reagent, which is considered to be an extremely delicate reagent for revealing the 
presence of even minute traces of albumin After the albumin was precipitated, 
the tubes were centrifuged at high speed foi 10 minutes, so as to precipitate com- 
pletely any quantity of albumin that might have been held m suspension in the 
supernatant fluid When complete precipitation was thus secured, the clear 
supernatant fluid was thrown away and the precipitate with the tube weighed 
accurately in a chemical balance Subtracting the weight of the tube (ascertained 
previously) the actual quantity of albumin was calculated correct to two places 
of decimals 

To save space, the lange of albumin values m each group (comprising cases of 
almost the same type) of cases of leprosy, is given m grammes per c c of serum m 
Table I The new international nomenclature adopted recently at the Leonard 
Wood Memorial Conference held at Manila has been used m designating the types 
and sub-types of cases of leprosy But, as Dr E Muir’s classification has been m 
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use for a Ion" time, and ns Uic now intoumtionnl nomtnclnti.ro 1 ms not yet come 
into general use, the older classification is also given, witlim Innckots - 


Tablb I 


Types and sub types of cases 

Number 
of cnsc a 

Si\ 

Albumin 
range in g 
per c c 

Mean 
albumin 
a aluc 

Ago 

groups of 
cases 111 
ycora 

Mn!c 

l'cnmlf 

N 2 (A, and A,-A_) 

43 

25 

18 

0 40—0 80 

0 00 

8—12 

N, (A.) 

32 

to 

O 

0 50—0 87 

0 73 

12—05 

C t (11, and 

GO 

18 

1 

48 ’ 

0 50—0 00 

0 75 

)0— GO 

C_ (B, and B 2 -A 2 1 

75 

43 

32 

0 02—1 01 

0 82 

8—70 

C 3 (B 3 and B 3 -A 2 ) 

3G 

22 

14 

0 47—1 00 

071 

12— 03 

Healthy coutiols 

50 

02 

34 

001—1 11 

0 88 

8—55 


A perusal of the figures in tins table shows that the albumin values m all types 
and sub-types of lepers show a significant reduction, as compared with the values 
for the healthy controls While the minimum value vanes from 0 40 in N 2 cases 
to 0 62 m C 2 cases, that in healthy controls stands at 0 04 Similarly while the 
maximum value varies from 0 86 m No cases to 1 01 m C> cases, that for the healthy 
controls stands at 1 11 Both the minimum and the maximum values therefore 
show a significant decrease from the normal range m the healthy controls 

Next, comparing, the albumin values of the different types and sub-types of 
cases, C 2 cases, evidently show a relatively higher range of values than all the other 
sub-types Ci and C 3 cases come next N 2 cases show the least values, both m 
respect of the minimum and the maximum limits 

Now the question is, whether this significant reduction in the albumin values 
m lepers of all types, as compared with the healthy controls, is due to leprosy ‘ per 
se or due to any other accompanying condition 7 To answer this question 
satisfactorily, as suggested by Dr E Muir, the erythrocyte sedimentation test 
has been carried out m all the cases studied including the healthy controls 

It is now well known that albumin, being a bad conductor of electricity, tends to 
maintain the suspension stability of the erythrocytes, whenever it is m excess, and 
conversely the suspension stability is lowered, or m other words the sedimentation of 
the erythrocytes is quickened, whenever there is a deficiency of albumin Globulin 
. emg a good conductor of electricity increases the sedimentation rate whenever 
1 1 V ' + 1 m ^he relative proportion of these two constituent proteins 

ot the blood determines largely the suspension stability of the erythrocytes. 
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Therefoie, the erythrocyte sedimentation test serves to give an idea of the relative 
proportion m which the albumin and globulin exist, m a specimen of blood , and, as 
such, is confirmatory to the albumin and globulin value estimations 

An analysis of the sedimentation indices of all the cases studied, and of the 
healthy controls, shows that lepers have relatively higher indices (specially the 
cutaneous type of cases) even m the non-reacting state, as compared with the healthy 
controls It is also noteworthy that the neural type of cases approximate to the 
healthy standard m the matter of their sedimentation indices, except during the 
phase of reaction Even untreated leper controls (mostly cutaneous cases of the 
2nd and 3rd degrees) have relatively higher indices than the healthy controls 
Therefore, this comparatively higher sedimentation index m cases of leprosy cannot 
reasonably be attributed to any other cause but leprosy 

Since it has been shown that a high sedimentation rate is caused, among other 
factors, by a deficiency of albumin vis-a-vi s an excess of globulin, it is permissible to 
conclude that leprosy may, by itself, cause a reduction m the albumin value 
An analysis of the sedimentation indices is given below m Table I (a) — 


Table I (a) 


Tvpes of cases 

Number 
of case* 

Minimum 

range 

Minimum 
a\ erage 

i 

Maximum 

range 

Maximum 

average 

N a (A, and A, A„) 

43 

i 

7—12 0 

05 

24 5—70 0 

47 25 

N 3 (A 2 ) 

52 

10—12 5 

11 25 

4b — 66 5 

56 25 

C, (B, and B^B,,) 

bG 

7—45 5 

25 25 

61—74 5 

67 75 

C 3 (B 2 and TL-A,) 

7"i 

G 5— 50 0 

31 25 

58—78 

6S0 

Cj fB 3 and B 3 -5A 

36 

28 5 — 4 > 5 

37 0 

62— S3 5 

73 75 

Untreated leper controls 
mostly C = and C 3 eases 

12 

34—47 

40 5 

5S 5 —70 0 

6S 75 

Healthy contiols 

50 

3 5—20 5 

12 0 

21—52 

36 5 


N fi — (j) The well known technique of Dr E Muir hns been u'-ed and the readings, taken at room 
temperature, aie m hundredths of a c c 

(it) The minimum range has been obtained by grouping together the indices of batches of cases 
of the same type tested on different dajs 

{» i) The maximum range is obtained similarly, hut from different batches of cases , and this group 
includes a feu reacting eases also, in each type 

(tv) The eauso of the fuirly lngli indices shown m the maximum range for the hedthy controls 
could not be ascertained by clinical and other simple laboratory examinations 

Serum globulin contained ml c c of clear serum was precipitated by half 
saturated ammonium sulphate solution m distilled water After the piecipitation 
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was apwumflv complete, the tubes woe cent, .fused at lu R h speed fo. 5 minutes, 
and the cleat supernatant fluid was thiomi aivay The amount o globulin was 
estimated in exactly the same way as albumin was estimated and the results are 
oiven iu Tabic II m grammes per c c of the scitim 


Tablb II 


Tv oes and sub types 

Numbci 
of cases 

Six 

Globulin 
range in 
g per c e 

Mean 

globulin 

values 

Ages of 
cases 
in jears 

Male 

'Female 

N 2 (A, and A„-AJ 

41 

25 

IS 

0 11— 0 72 

0 42 

8—48 

N, (A,) 

32 

30 

2 

0 ns -0 70 

0 44 

1 2—05 

C, (B, and B-A,) 

GO 

27 

10 

0 07—0 07 

0 51 

10— GO 

C 2 (B 2 and B 2 -A 2 ) 

73 

43 

12 

0 OS— 0 00 

0 10 

8—70 

C 2 (Bo and B 3 -A„) 

3G 

22 

14 

0 08—0 88 

0 48 

12— G3 

Realthv controls 

56 

22 

34 

0 16— 0 44 

0 30 

CO 

1 

wX 

v-1 


N B — (i) All calculations comet to two places of decimals 

(n) The figures representing the minimum and the mavnuim globulin % alucs given m this 
table are not obtained from a single, possibly atypical case, but arc the ‘ av crago ’ of a group of 
cases, in each type 


A study of the figures m this table shows that theie is a consistently high 
maximum globulin value m all the types of lepers, as compared with the healthy 
controls Thus, while the maximum globulin value ranges from 0 72 m No cases 
to 0 95 m Ci cases, that for the healthy controls stands at 0 44 Next comparing 
the minimum globulin values m the different types of lepers, with that for the 
healthy controls, it becomes obvious that the minimum globulin values, in some 
cases, from each type are ]ust half of, or slightly more than hah of, the value in 
healthy controls This shows that there is a phase, m some of these cases at 
least, in. each type, at which the serum globulin value reaches a subnormal 
level This point will be more fully dealt with, when the influence of treatment 
is considered 

Finally, comparing the mean globulin values in each group of lepei s and in the 
healthy controls, given m column 6, it becomes evident that lepers of all types, 
except at certain phases, which will be discussed later, ha\e a considerably higher 
globulin 'value than the healthy controls This finding partially confirms those of 
ochobl and Basaca (1921) and Frazier and Wu (1925) 
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The effect of treatment with Hydnocarpus pwdncls on the senim globulin in 

lepeis 

To estimate accurately the influence of Hydnocarpus treatment on the globulin 
content of lepers’ sera it is convenient to divide the cases studied according to the 
time that has elapsed since an injection was given (by any method) of any of the 
Hydnocarpus products Tabic II (of given below, shows the number of cases 
studied, with their respective types, ages, etc , and their globulin values, on the 2nd 
day after an injection of any Hydnocarpus preparation — 


Table II (a) 


Types and sub types 

Number of oases 

! g 

m 

Ages of cases m 
years 

1 

c. 

to 

.d 

Za 

Globulin range m 
g pei c c 

Mean globulin 
value 

Preparation and 
dose 

Number of cases 

N 2 (A, and A-AJ 

2 

1 

i 

F 

50— 55 

NR 

0 01— 0 03 

> 

0 02 

’ 

Hj dnoercol See 

All 

Cj (B, and B r A s ) 

6 

! 

: 

F 

24—56 

NR 

0 01—0 01 

1 

1 

0 76 

: 

Hydnocreol 5 to 

S c c 

Ethvl esters Ice 

4 

1 

C 2 (B 2 and B a -4 2 ) 

3 

F 

37—48 

NR 

0 51—0 77 

0 04 

H\ dnoercol 5 to 

8 c c 

All 

C 3 (B 3 and B 3 -A,) 

1 

F 

42 

NR 

0 05 

0 05 

Hj dnoercol 6 c o 

1 

All 

Untreated controls 
C (B) tvpes 

12 

M, 

F. 

0 

1 

Cn 

Cn 

NR 

1 

0 11—0 77 

1 

0 44 

1 

Nil 

Nil 

Untreated contiols 

N (A) types 

30 

M 

14—05 

1 

NR 

: 

0 OS— 0 70 • 

0 H 

l 

1 

I 

Nil 

Nil 


N B — (») All calculations correct to two places of decimals 

(») M=Males F= Females NR = Non reacting C= Cutaneous N=Neural 


A comparative study of the mean globulin values m column 7 shows that 
there is a high value m treated cases of all types, as compared with the untreated 
controls Also, the minimum globulin values m all the treated cases are consider- 
ably higher than the corresponding values m the untreated controls 

The effect of the Hydnocarpus injection seems to be to cause a mailed increase 
m the serum globulin content, m'.all types of cases, which can be detected on the 
2nd day after the injection - 
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Particulars of cases tested on tlie 3rd day after an injection aTe given below m 
Table 11(6).— 

Table II (6) 




el 

1 _ 



g 

O 

to 

a 




m 

<D 

s 

m 

Sn\ 


*3 

rC 

3 

cS 

tn 

o 

Ui 

Typea and sub typos 

o 

*s 

u 

o 

O' 

cs 

o 

«+-4 

o 




3 

s 

o 

To 

C 

c 

-5 

a 

CJ 

O 

u 

- 

rO 

s 

» 

£ 

„ b 

c0 

< 

-2 
ci 
w— < 
r 5 

'd 

s 

Phase 

o 

5 “ 

Mean 

value 

C3 

Ph v 

a o 

r-3 

s 

3 

ft 

Ns (A t and A-A 2 ) 

10 

14—70 

3 

7 

NR 

0 44—0 67 

0 56 

Ethyl esters 4 to 

All 

N a (A 2 ) 

11 

12— 3G 

10 

1 

NR 

0 46—0 71 

0 59 

4 c c 

H\ dnocrcol 7 to 

5 

C a (B t and B^-A,,) 



! 


1 



io c c 

Esters 3 to 5 c c 

6 

13 

10—60 

6 

7 

NR 

0 07—0 58 

0 33 

Esters 1 to 5 c e 

7 









Hvdnocreol4 to 

6 

C a (B„ and B 3 -A 2 ) 

17 

12—62 

9 

S 

NR 

0 10—0 52 

0 31 

6 c e 

Hydnocreol 4 to 

10 









io c c 


G, (B 3 and B 3 -Aj) 

9 

12—63 

6 

I 

3 

NR 

0 10—0 54 

0 32 

Esters 1 to 5 c c 
Hydnocreol 3 to 

7 

8 









10 c c 


Untreated controls 
N (A) types 

30 

14—65 

30 


NR 

0 08—0 79 

044 

Fstcrs 3 c c 

1 

Untreated controls 

C (B) types 

12 

20—55 

7 

5 

NR 

0 11—0 77 

0 44 




N B Ethyl esters mentioned above are from Hydnocarpus wighUana 


A perusal of the figures m this table shows that the minimum globulin values m 
ypes of eases are considerably higher than the corresponding values m C types of 

Whlfh g ]° bulln ValU6S als °> m N ^ es 0f ca£es ’ are considerably 

from 0 wTo 0 71 Tt T* ^ ^ Value m N cases ran gcs 

, lm „ 6? + t0 ® 71 » that m G cases varies from 0 52 to 0 58 and even here there is a 

gmficant reduction of the globulin value in C types of cases Next comuannv tbe 

I: ? ° bU,m ^ “ N “ d ° *P« * ~ » -dent that ™ 

show the same significant reduction b U C9Ses 

This difference m the globubn values of the two mam types of treated 

v“:^trc r d 'rrr? In fect 

C- G types of untreated controls are the same TTiptoL™ , 
reasonable to conclude -t-iia-f- -fine? "ki j ncrcforc it is 

r ° £ ^ “ “a“~ 0 1 fnfluenceof'r 8 f ** 

treatermt^ethyfesters bT^ ^ 16 f®* ^ ^ N type h ^ T< ^een 

*»> i to 5 oc y cz; r m r ? thm dos - 

same e%1 esters - thOT d »» - w i to 5 ?: a itrds; he 


no 
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difference in eitlier the preparation used or m the dosage But there is a significant 
difference m the globulin values of the two mam types of cases 

Wade (1925) has reported that the globulin value increases progressive!} with 
the duration of the disease, but he has studied the globulin value m cutaneous (C) 
types of cases alone, and has not ascertained how treatment with Hydnocarpus 
preparations influences the globulin value whether the effect is identical m both 
the mam types of cases or whether it differs But, from the results of tins present 
study, it is clear that the effect of Hydnocarpus treatment is to cause an increase in 
the globulin contents m all cases of leprosy on the 2nd day after an injection , and 
thereafter to cause a reduction from the 3rd day onwards (provided no reaction sets 
in), more rapidly m cutaneous cases than m neuial cases 

To follow up further the quantitative changes m the seram globulin content 
cases have been tested on the 4th, 5th, 6th, 7th, 8th, 9th, lltli and 12th day aftei a 
single injection and also from 13 days to 1 month and upwaids of a month aftei a 
single injection, and the details of such cases are given in Table II (c) — 


Table II (c) 


Types and sub 
types 

Number of cases 

| 

X 

O 

’"3 

5 

Jh 

Ages in years 

tr 

S 

Globulin range 

O 

3 

1 

G 

e* 

rs 

Preparation and 
doses 

tr 

o 

VI 

c5 

O 

«4-k 

O 

u 

O 

s 

3 

& 

o 

o 

» 

G 

** 

u 

<L> 

a 

r o 
§‘2 


3 


3 

7—15 

NR 

0 36—0 40 

0 38 

Ethyl C3ters 

3 

4th 









34 to 6 c c 




3 

3 


24—33 

NR 

0 31—0 14 

0 3S 

Hrdnocicol 4tc 

1 

5th 









Ethyl esters 








i 



2 to 9 c c 

2 



6 

2 

4 

8—45 

NR 

0 11—0 13 

012 

Ethyl esters 

5 V 


No 





B, 

0—99 

0 39 

3 to 5 c ( 
Hydnooreol 

l 

I 

6th 









3 e e 

1 J 



1 

1 


30 

R 

0 30 

0 50 

Ethyl esters 

1 

7 th 









3} c e 



(A, and k^~A„) 

1 


1 

20 

R 

0 52 

0 62 

Ethyl esters 2 c c 

1 

8th 


1 

1 


19 

NR 

k 

0 35 

0 35 

Ethyl esters 2 c c 

1 

9th 


1 

1 


47 

R 

0 39 

0 39 

Hydnocreol 2 c c 

1 

10th 


1 


1 

48 

R 

0 67 

0 67 

Ethyl esters 

1 

13 days 









Ice 




1 

1 


26 

NR 

0 72 

0 72 

Ethyl esters 

1 

More than 

1 








2 c c 


one month. 
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Table II (r ) — could 





1 









a i 

V 

Sf\ ! 





P 

a 

V) 

o 

O 

Cj 


§ 



e 

<3 

O 


fcO 




S' 

Types and sub 

o 

tw 

c 




B 

o 

c 

o 

o 

IM 

o 

o 

types 

U 

CJ 

fO 


O 

13 

c 

o 


eS 

■w 

t-t 

o 

rZS 

-M 

c 


a 

3 

& 

Male 

S 

£ 

O 

to 

< 

s 

1 p. 

r5 

5 

5 

c 

c. c 

a~ 

Cu 

a 

A 

22 

c* 

P __ 

A, (A.) 

R 



20 

l 

R 

0 52 

0 52 

Etlnl c«ters 

1 

8th 









2 c e 




1 



35 

NR 

OH 

0 11 

H\ dnocreol 5 c c 

1 

13th 


1 

1 



NR 

0 52 

0 52 

Etlij 1 esteis 

1 

More than 









2 e c 


one month. 


6 

■ 

G 

1 

1 5— 10 

NR 

0 10—0 12 

0 11 

Etlnl esters 

(» 

I 

4th 

Q. 








1 to 5 e c 



5 

B 

i 

25—50 

NR, 

0 OS— 0 17 

0 19 

H\ dnocreol 

3 







R, 



6 to 10 e e 


5th 






0 81 

0S1 

Etln 1 esters 










1 to 3 t e 

o 



1 

i 


00 

NR 

Oil 

0 11 

H\ dnocreol 

i 

6th 









3 c c 



(Bj ttndBi-A.) 

3 

« 

3 

22—38 

R 

0 35—0 G2 

0 58 

Ethyl esters 

1 to 2 c c 

2 1 

7th 









Hydnocicol 5 c c 

i I 



■ 

2 

5 

19—51 

r 3 

0 65—0 80 

0 73 

Hy dnocreol 

4 










1 to 7 e c 




■ 




NR, 

0 09—0 11 

0 10 

Ethyl esters 

3 

8th 









1 to 3 c c 




B 


2 

29—40 

NR 

0 o^l — 0 70 

0 62 

Tlydnocreol Gee 
Ethyl esters 

1 1 

9th to 11th 


6 







li C C 

1 ) 

All 

days 


6 


23—52 

NR 

0 12—0 22 

0 17 

H\ dnocreol 

12 th 


9 

j 







2 to 5 e c 



2 

7 

24—48 

NR, 

0 09—0 11 

0 10 

Hydnocieol 

4 



1 







1 to 4 ci 




i 




r 3 

0 52—0 95 

0 71 

Ethyl esters 


13th day to 
one month 









i t o -J c c 

5 



I 

— 

4 

38 — '60 

NR 

0 11-0 58 

0 35 

Hydnocreol 

2 to 10 c c 

4 

More than 
one month 
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Table II (c ) — contd 


Types and sub- 
types 

Number of cases 

Se 

<D 

1 

Female 

Ages m years 

Phase 

Globulin range 

Mean value 

Preparation and 
doses 

Number of cases 

Days after injec- 
tion 


4 

R 

| , 

3 

8-20 

NR 

0 12-0 14 

0 13 

Hydnoereol 10 c c 

1 } 

- 





| 




Ethvl esters 

i l 

4 th 









34 to 4 1 c c 

5 ( 



2 

2 


25—67 

NR 

0 16— 0 18 

0 17 

Htdnoereol 

2 

5th 









6 to 10 c e 



C„ 

6 

6 



NR 

0 11—0 15 

0 13 

Hvlnoereol 

6 

6th 





1 




2 to 10 c e 



(B 3 and B,-A„) 

11 

8 

3 


NR, 

0 19—0 31 

0 25 

Hydnoereol 

11 

8 th 









5 to 10 c c 








R, 

0 58—0 73 

0 06 





3 

1 

2 


nr 3 

0 12-0 15 

0 14 

Hvdnocrenl 

3 

9th to Uth 









3 to 6 c c 


day 






K 

0 77 

0 77 





1 


1 

30 

R 

0 50 

0 59 

1 

Hydnoereol 4 e e 

1 

7th 


2 

2 


34—52 

NR 

0 17—0 24 

0 21 

H\ dnocrool 

2 

12th day 









5 to 10 c c 




7 

3 

4 

25—56 

NR, 

0 09—0 16 

0 133 


a 







1 



Hvdnocreol 

I 

13tli dav to 









2 to 1 0 c c 

H 

1 month 







0 68—0 89 

0 79/ 

i 

m 



8 

4 

4 

14—56 

NR., 

0 08—0 85 

0 47 

Hvdnocreol 

H 










2 to 10 c c 

m 

More than 





i 


0 22—0 no 

0 56 

Etlnl esters 


one month 



1 

i 






3 e o 

■ 
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Table II (e) — concld 



m 

Sex 



<D 


r 3 

P 

d 

c n 
© 
tn 

CJ 

0 

O) 

s’ 


tn 


1 

Ages ra years 



Mean value 



u 

Types and sub 
types 

a - 
0 

0 

u 

0 

& 

a 

p 

jy 

7 s 

V— » 

& 

JTemale 

<U 

m 

a 

a 

u 

0 

"3 

rO 

O 

3 

Preparatioi 

doses 

O 

u 

© 

2 

© 

-w 

a 

« c 

S ' 2 

C 3 (B 3 and B 3 -A.) 

4 

3 

1 

17—42 

NR 2 

0 08—0 20 

0 14 

Ethyl esters 

3 "to 6 c c 

2 

5th day 






r 2 

0 18—0 26 

• 

0 22 

Hydnocreol 

2 to 6 c c 

2 



2 

2 


23— 34 

NR 

0 14—0 15 

0 15 

Hydnocreol 

3 to 10 c c 

0 

6th day. 


5 

0 

0 

0 

19—34 

NR, 

0 21—0 38 

0 30 

Hvdnocreol 

5 to 10 c c 

3 

8th dav 






R, 

0 48—0 88 

0 68 

Ethyl esters 
i cc 

2 

« 



3 

2 

| 1 

28—45 

NR 

0 15—0 10 

0 17 

1 

Hy dnoercol 

2 to 6 n c 

3 

9lh day 


| 1 

1 


38 

NR 

0 23 

0 23 

Hydnocreol 

5 c c 

1 

12th day 


3 

2 

1 

27—55 

nr 2 

0 17—0 24 

0 21 

Hydnocreol 

3 to 10 c c 

n 

1 

13 days to 

1 month 






Ri 

0 68 

0 68 

Ethyl esters 3 c c 

1 J 



3 

; 2 

1 

32—55 

, 

NR 

0 24—0 51 

0 38 

Hydnocreol 

6 to 7 c c 

3 

More than 
one month 


N B — Ethyl esterB=Ethyl esters of Hydnocarpus wighhana, NR=Non reacting , R— Reacting 


The quantitative changes m the serum globulin after an inaction can also be 
represented graphically by a curve , and such curves for the different sub-types of 
cases are given m 2 graphs, one for the neural type of cases and the other for the 
cutaneous type of cases (see Graphs 1 and 2 ) 

A reference to Graph 1 below will show that N2 cases show a fairly high mean 
globulin value of 0 62 gramme on the 2 nd day after an injection of any Hydnocarpus 
preparation and on the 3 rd day after the injection, both N2 and N3 cases show 
practically the same high mean globulin values (0 57 and 0 59 g respectively) 
After the 3 rd day, the fall m globulin value begins, and this fall is more gradual 
in N3 cases In No cases on the other hand the mean globulin value seems to be 
stationary at a particular level from the 4 th to the 5th day Thereafter the 

further changes seem to depend upon whether the individual gets a lepra reaction or 
J, MR „ 
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not (a) If a reaction ensues, then the globulin value begins to increase, but this 
increase does not seem to reach the same height as reached on the 2nd day after the 
injection This means probably that, the reactions which set m late after an 
injection, i e , on the 5th day or thereafter, tend to be comparatively milder, with 

G-raph 1 
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O 4 

03 

O 2 
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t» 
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B 

<W 


— LINE 
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CROSS LINE 



0 2 

1 

Injected with any 
Hydnocarpua preparation 
this day 


5 6 7 8 9-H 12 ,13 im MORE 

- ’ THAN I MONTH 

Days after mjcofcion 
Neural cases of the 2nd degree — Line 
N,= Do do 3rd do — Cross Line 


very few exceptions, than those that set in earlier, l e , on the 2nd or 3rd day 
Clinical experience, of course, bears this out (6) If no reaction occurs, then the 
globulin value begins progressively to decrease m both N 2 and N 3 cases, more 
rapidly in the former and fairly gradualism the latter On the 6th day, N 2 cases 
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have reached the lowest value and theieafter a gradual rise m the globulin Value is 
seen But N 3 cases take longer to reach the lowest value, which they seem to do on 
the 8th day after the injection The manner in which the globulin value rises again 

Graph 2 
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low value lias lasted for at least five days or so This difference in the manner and 
time of rise in the globulin value after an injection m the two degrees of cases mav' 
be accounted for by the greater natural resistance of the N 2 cases, who do more 
exercise and lead more active lives than the deformed No cases, whose level of 
natural resistance is considerably below par 

A reference to Graph 2 above will show that all the three degrees of cutaneous 
cases show a high mean globulin value (Cj cases showing the highest value), on the 
2nd day after an injection of any Hydnocarpus preparation But, thereafter, all 
the three degrees of cutaneous cases show a fairly rapid and continuous fall m the 
globulin value up to the 4th day After this, the further changes m the serum 
globulin value seem to depend upon whether a lepra reaction occurs or not (a) If 
a lepra reaction sets m, the globulin value increases to a markedly high level , m 
fact it seems to be slightly more than what was leached on the 2nd day after the 
injection This marked rise m the globulin value m reacting cutaneous cases seems 
to be maintained for a certain period which varies from three to six days, with an 
occasional slight reduction Such comparatively long sustained high globulin values 
are not found in reacting neural cases, unless they have very severe and prolonged _ 
reactions This moans that, comparatively speaking, cutaneous tjqies of cases tend 
to show more severe -and prolonged reactions than neural cases A further study of 
the three curves shows that the earlier the reaction sets m after an injection the 
greater is the globulin value and the longer this high globulin value is maintained 
For example, C[ cases, m whom a reaction has set m, on the 4th day, after the 
injection, show the highest globulin value on the very next day after the reaction 
has set in, and though this value falls slightly on the 7th day, still, it soon rises again 
within the course of a day to a slightly lessei height than before , and thereafter 
the high value is maintained practically up to the 13th day or so [Reactions 
setting m, on the 5th and 6th days after the injection m C 3 and C 2 cases respectively 
seem to run a parallel course In fact, it is noteworthy that all the three degrees of 
reacting cutaneous cases run a more or Jess parallel course Also, the late reactions 
that have set in, m C 2 and C 3 cases, have reduced the period during which a high 
globulin value is maintained This means that such later reactions are compara- 
tively milder and of a shorter duration Clinical experience, with few exceptions, 
corroborates this ( b ) If no reaction occurs then all the 3 sub-types of cases 

run a more or less identical course up to the 6th day, with a very slight increase 
m the globulin value on the 5th day m Ci and C 2 cases only From the 6th to the 
8th day C 2 and C 3 cases show a tendency to rise, and the rise is complete on the 
8th day But Cj cases on the other hand show a tendency to very slight reduction 
up to the 8th day, followed by a very abrupt rise This abrupt rise is accompanied 
by an equally abrupt fall in the globulin value from the 1 1th to the 12th day The 
significance of this sudden rise m the globulin value, m some cases at least of the 
Cl type, on the 8th day after the injection is not sufficiently clear Possibly such 
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cases might have been passing through a very mild and clinically unrecognizable 
reaction There is no reason to suppose that this abrupt rise is a natural attempt 
to reach the normal level after the fall For, if such had been the case, then there 
would not have been the quickly succeeding fall In these cases, if another injection 
is given on the 8th day, possibly very severe and piolonged reactions may result 
Clinical experience shows that some C ( cases treated by weekly injections of 
Hydnocreol, do not manifest any pronounced clinical signs or reaction for 3 or 4 
weeks, or even longer , but, thereafter, the very next injection produces a pietty 
severe and prolonged reaction, which sets in on the same day the injection is given 
In these cases, a study of the globulin value curve week by week may show that 
very probably a succession of clinically uniecognizable reactions, in the form of a 
modeiate increase m the globulin value on the 8th day aftei each injection, occurs 
Finally when the last injection causes a still further increase in the globulin value, 
the proverbial ‘ last straw ’ seems to come into play and an explosive type of 
reaction results within 24 houis of the injection 

From the 12th day onwards after an injection there is a slight fall m the 
globulin value m all the three degrees of cutaneous cases, which is followed, after 
a variable period, by a tendency to rise 


Summary and conclusions 

It is evident from a close study of both the graphs that the globulin value m 
lepers is not stationary The effect of treatment with Hydnocarpus preparations 
seems to be to cause an immediate and very marked increase m the globulin value 
m both the cutaneous as well as the neural types of cases This increase m the 
globulin value is followed by a fairly rapid fall m cutaneous cases and by a more 
gradual fall m neural cases This fall continues up to a certain period which differs 
m the two mam types of cases, viz , cutaneous and neural After this period the 
further changes m the globuhn value seem to depend upon whether a lepra reaction 
sets m or not If a reaction occurs, then the globuhn value rapidly mounts up 
m cutaneous cases, and more slowly and to a lesser extent m neural cases This 
lugh rise m the globulin value is more or less maintained for a variable period, from 
3 days to a week oi more m cutaneous cases, but not so long maintained m neural 
cases, with very few exceptions 


These findings interpreted clinically mean — 

[i) that, other conditions 'of treatment being identical, prolonged and severe 
lepra reactions are comparatively more frequent m cutaneous cases than m neural 
cases , {u) that, with very few exceptions, the later the onset of the reaction after 
an injection with any Hydnocarpus preparation, the milder and shorter it tends to 
, (m) that clinically unrecognizable reactions, m the form of a moderate increase 
... the serum glohulm, ou the 8th day after an mjectmu occur m some cnt anems 
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cases of the first degree , and possibly, to some extent, m other degrees of cutaneous 
cases also , and (iv) that a succession of such clinically unrecognizable reactions on 
the 8th day after each injection may finally tend to develop suddenly into an 
explosive and prolonged reaction, which sets m within a few hours after the receipt 
of a further weekly injection The preceding injections of Hydnocarpus may, m 
■this respect, be compared to the sensitizing doses of a foreign protein, and the 
last injection that precipitated the reaction to the exciting dose 

The formaldehyde test m leprosy 

This test was done m all the cases studied including the healthy controls on the 
same day as the albumin and globulin estimations were carried out, using the 
well-known technique of Napier One further modification in reading the results 
was introduced to suit this piesent experiment, viz , the actual degrees of coagulation 
present, m relation to the time of observation, were estimated by certain rough 
standards chosen by the writer and strictly adhered to throughout the experiment 
Similarly the degiee of opacity present, in relation to the time of observation, 
was estimated by attempting to lead printed mattei through the tube, both 
in direct as well as m indirect light, the -punted matter used being the same 
throughout the expenment, and being held at the same position and distance 
from the tubes 

An analysis of the results shows at the outset that, except m very rare cases 
which will be discussed later, the aldehyde leaction in uncomplicated cases of 
leprosy of all types and stages is never positive, if the critena of positivity strongly 
insisted upon by Napiei (1927), in reading the results, aie strictly followed An 
analysis of the results of the formaldehyde test in some cases of leprosy is given 
below m Table III 

A study of the figures m this table show's that — 
r (i) The formalin coagulation reaction seems to bear no definite relationship 
with the globulin value, as both cases with high values as w r ell as those with low 
values show the same degree of coagulation within the same time , (n) there seems 
to be no definite connection between coagulation and opacity , thus cases showing 
the same degree of coagulation withm the same time show different degrees of 
opacity , and (m) the formalin coagulation reaction does not seem to bear any 
definite relationship with lepra reactions, as most of these cases were non-reacting 
when examined and as the test was completely negative m numerous truly reacting 
cases, who showed very much delayed coagulation and therefore are not included 
in Table III below 

Very hopeful opinions concerning the value of this test in leprosy, expressed by 
Sir Leonard Rogers, are unfortunately not substantiated by the results of this 
study 
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Table III 


Types and sub tvpes 
of cases 

Moan 
globulin 
value in 
g per o c 

Phase 

Degree of coagulation m 
icintion to time 

Degree of opacity m 
relation to lime 

Cj (B 3 ~Aj) 

0 10 

NR 

Full m 5 nun 

One plus m 5 mm 

C 2 (B„-A„) 

013 

NR 

Full in 5 min 

One plus m 0 min 

C 3 (B 3 -A„) 

0 14 

NR 

Full in 5 nun 

-f in 5 min 

C\ (B-A 2 ) 

0 05 

Nll 

bull in 5 min 

Ono plus m 5 mm 

C 2 (B„-A a ) 

0 11 

NR 

bull m 10 nun 

One plus in 10 nun 

0. (B 2 -A 2 ) 

0 18 

NR 

Full m 10 nun 

One plus m 10 mm 

C, (Bj-Aj) 

0 80 

NR 

Full in 10 nun 

i in 10 mm 

C 3 (B,-A 2 ) 

0 77 

NR 

Full in 10 nun 

ill 10 nun 

0. (B 2 -A 2 ) 

0 85 

NR 

Full in 10 min 

Nil m 10 mm 

C, (B l -A 2 ) 

0 50 

NR 

Full in 10 nun 

Nil in 10 nun 

C, (Bj-Aj 

0 16 

NR 

FuF in 10 min 

One plus m 10 mm 

C (B 2 -A 2 ) 

0 31 

NR 

Full in 30 nun 

One plus in 30 mm 

c 3 (B 3 -A 2 ) 

0 22 

NR 

Fu'I in 30 nun 

Nil in 30 mm 

Cl (B L -A,) 

0 13 

NR 

Full in 30 uun 

One plus in 30 mm 

Co (B 2 -A 2 ) 

0 76 

NR 

Full in 30 min 

Nil in 30 nun 

0, (B t ~A a ) 

0 61 

NR 

Full in 30 nun 

Nil m 30 min 

A (B t -A.) 

0 40 

NR 

Full m 30 nun 

Nil in 30 min 

C 3 (B a -A„) 

0 88 

NR 

Full in 30 mm 

Nil ^in 30 mm 

C, (B s -A 2 ) 

0 35 

NR 

Full in 30 min 

One plus in 30 mm 

Co (B 2 -A 2 ) 

0 14 

NR 

Full in 1 hr 

One plus m 1 hr 

C 2 (B 2 -A 2 ) 

0 15 

NR 

Full in 1 hr 

One plus in 1 hr 

C (B 2 -A„) 

0 16 

NR 

Full in 1 hr 

Nil ml hr 

Co (B 2 -A„) 

0 16 

NR 

Full m 1 hr 

± in 1 hr 

Co (B 2 -A 2 ) 

012 

NR 

Full in 1 hr 

± in 1 Ur 

C, (A- 2 ) 

0 09 

NR 

Full in 1 hr 

One plus m 1 hr 

C 3 (B 3 ) 

0 12 

NR 

Full m 1 hr. 

One plus m 1 hr 


A re = -uouduui 

xt^r 1 coagulatioD ’ they are not re ^ d 
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A few cases sliow weak but definitely positive reactions (reported m tlie table 
above) and these were referred to Dr Napier for opinion In a private communica- 
tion through his assistant Dr C S Das Gupta, he expressed the opinion that such 
cases are the exception rather than the rule , and they are worth watching for 
signs of transient Leishmania infections With this opinion, the writer is inclined 
to agree seeing that out of about 252 cases studied, only 7 of 8 of such cases 
have occuned , and they have shown no definite lelationship with either the 
globulin value or the lepra reactions 

Summary 

(1) The results of a study into the serum proteins m 252 cases of leprosy, with 
special reference to Hydnocarpus treatment and m 56 healthy controls, are 
recorded in this paper 

(2) Serum albumin shows a significant reduction m lepers as compared with 
healthy controls and this reduction is probably caused by lepiosy pc? se 

(3) Lepers of all types, except at ceitam phases, have a considerably 
higher globulin value than the healthy controls and the untreated lepei 
controls 

(4) The effect of an injection of any Hjdnocaipus prcpaiation seems to be a 
marked increase m the globulin value m all types of cases detectable on the 2nd 
day after the injection 

(5) The further changes m the serum globulin on other days aftei the injection 
are described , and a certain difference m the behaviour of the globulin value in the 
two mam types of lepers, viz , cutaneous, and neural, has been noted 

(6) The formaldehyde test in uncomplicated cases of leprosy is nevei positive , 
and there seems to be no definite relationship between foinialm coagulation and 
serum globulin m lepers or lepra reactions 
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ORTHOPODOMYIA 
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In the following descriptions of tlie larvae of tlie Indian species of 0> tliopodomyia 
the nomenclature adopted by Edwards and Given (1928) foi the five impoitant 
pairs of hairs on the clypens has been followed The letters A, B, C, d, and e, are 
used for these hairs and their position will be understood by referring to Fig 4 on 
Plate LIY The hairs A, B, and C appeal to be homologous with the frontal hairs 
of Anopheles larvae, d with the posterior clypeal hau, and e with the innei sutuial 
hair The innei and outer anterior clypeal liaris of Anopheles larvae appeal to be 
represented m Culicme larvae by one pair of minute hairs situated externally and 
slightly dorsally to the preclypeal spines In some Culicme larvae hairs B and C 
stand directly one in front of the other, in such cases the anterior hair is called B 
and the posterior C In the larvae of seveial genera hair d is veiy small and 
difficult to see, but m the larvae here described it is well developed 

The fourth stage larvae of the Indian species of Orthopodomyia may be fairly 
easily distinguished from those of other genera by the following characters siphon 
uithout pecten, a single pair of hair tufts situated at about the middle of the tube, 
comb with a row of large teeth and with a second row of smaller fimged teeth, some 
long single hairs on the abdomen, antennal shaft smooth, tuft at one-quarter oi 
one-third from the base In 0 anopheloides and 0 flameosta there is a clntmizcd 
saddle on the 8th abdominal segment and in the former there is a well-developed 
saddle on the /th segment also, but m 0 flamthorax there is no very definite saddle 

on either segment, only some indefinite chitimzation on the 8th, as indicated m 

Fig 8 


The pupae do not show any marked modifications , respiratory horn of 
moderate length wide at the apex m side view, dendritic tuft on abdominal segment 
1 veil developed, one of tbe five submedian and snblateral bans on tergites 4 to 6 

( 1013 ) 
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fairly long or very long, tufted lateral hairs on segments 7 and 8, paddles nearly 
twice as long as broad, rather flattened on the outer side towards apex, apical half 
very transparent, a short terminal hair, moderately developed midrib, an irregular 
dark marking across the base 


Key to the 4th stage larvae of the Indian species of Ch thopodomyia 

( See Plate LIV) 

1 7th abdominal segment with a large chitiriwed saddle (Fig 2) , one 

brant h of inner subdorsal hairs of anal segment much longer than the 
others (Fig 2) , a separate lateral chitinucd strip at base of anal 
segment on each side (Fig 2) 0 aiiojihclouhs 

7th abdominal segment without a chitint7ed saddle , all branches of 
inner subdorsal hairs of anal segment about the same length (Fig 8) , 
no separate ehitinwed stup at. base of anal segment 

2 Larger comb teeth ending jn a single long point (Fig 7) , five pairs of 

clypeal hairs equally developed and with long plmnoso branches 
(Fig 14) , hairs on sides and dorsum of thorax remarkably developed 
and with long plumose branches 0 flat itlioriix 

Larger comb teeth ending m several sharp points (Fig 6) , five pans of 
olypeal hairs not all equally developed, <1 being comparatively smull 
with onl\ 3 or 4 fine branches, e fine and single or split (Fig 101, 
hairs on dorsum of thorax fine and inconspicuous, lateral hairs 
only being well dev eloped O Jim icoilrr 


2 


Key to pupae (See Plate LIV) 

1 Longest hair on tergite 0 v n ry long, reaching bejonil the posterior 

margin of tergite S, and either single or two branched (Figs 11 
and 12) . 2 

Longest hair on teigite 6 comparatively short, not reaching beyond 

posterior margin of tergite 7, and usually of four branches (Fig 1) 0 anophelovlp^ 

2 Longest hair on tergites 4 to 6 single (Fig 12) 0 Jlancosla 

Longest hair on tergites 4 and 5 three branched that on tergite G tw o- 

branehed (Fig 11) 0 Jlavithorax 

O. anopheloides Giles ( Mansoma ) Laiva, 4th stage (Plate LIV, figs 2, 4, 
and 5) Head and antenna deep brown or black, clypeal hair A with 9 to 11 
branches, more usually 10, B and d with 6 to 8 branches, the latter well developed, 
C with 4 toX5 branches, e fine and long, often split into two towards the tip, preclypeal 
spines fairk long, slender and tapering , antennal shaft about 0 41 mm long, stout 
on rather r\ than the basal half, tapering to the tip, tuft of 6 to 8 branches at 
one-third frd die base, apical spines all at tip of shaft Thorax with lateral tufted 
hairs well d<A eloped and some long single hairs Abdomen usually reddish m 
colour, the first two segments with lateral tufted hairs, segments 3 to 8 with fine 
hairs some of which are single and long, segment 7 with a cliitinized saddle covering 
rather more than the dorsal half m side view, a saddle on segment 8 nearly enclosing 
the segment, comb with 7 to 10 larger teeth and 25 to 30 smaller fringed teetb , 
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siplion dark biown or black, lighter at apex, 1 to 1 1 mm long and about 5 times as 
lon^ as the diameter at base, tuft of 8 to 14 strong subplumose branches arising at 
about the middle of the tirbe but veiy slightly ncaier the base than the apex , anal 
segment enclosed in a chitmized ring, a separate chitmized strip on each side at the 
ba°se outer subdoisal hairs single and long, inner split into a number of branches 
one of which is much longer than the othcis, lateral hair with two or three fine 
branches, vential pan of anal papillae about half the length of the dorsal, the latter 
rather more than half the length of the anal segment, anal fan well developed, the 
hairs arising from a fan plate and each splitting into a number of branches some 
distance from the base 

Pupa (Plate LIV, figs 1, 3 and 9) this may be distinguished by the characters 
<uven m the key , the rnnermost submcdian hair on tergites 3 to 7 is very small, 
whereas in the other two species it is largci and spinc-hkc 

Habitat tree-holes during the monsoon , found m the Western and Eastern 
Himalayas up to 8,000 feet, along the foothills to Bengal and Assam, m the 
Western Ghats from North Kaiiara to Malabar and m Ceylon 

O. flavithorax Barraud Laiva, 4th stage (Plate LIV, figs 7, 8, 13 
and 14) this has a very characteristic appeaiance even to the naked eye, owing to 
the remarkable development of the hairs on the head and thorax Hairs A, B, C, 
d, and e, on the clypeus are all about equally developed and each has a number of 
subplumose branches which are as long, or longer, than the clypeus , antennal shaft 
about 0 58 mm long, stout on the basal one-third, more slender apically, brown for 
the most part, paler at tip, tuft of about 5 subplumose branches, arising at about 
one-quarter from the base, apical bristles all very near tip of shaft, preclypeal spines 


long, slender, tapering Thorax densely clothed dorsally and laterally with long 
tufted hairs with subplumose branches Abdominal segments with some very long 
single or two-branched hairs, as well as shorter tufted hairs with subplumose 
branches, segment 7 without a chitmized saddle, segment 8 with indefinite 
chitimzation as indicated m Pig 8, not forming a definite saddle, comb with 10 to 
12 larger teeth and 18 to 20 smaller delicately fringed teeth , siphon from 1 4 to 
1 o mm long and 5 or 6 times the length of diameter at base, dark brown, a very 
narrow darker ring at base, paler at extreme tip, hair tuft of about 8 finely 
frayed branches, arising at about two-fifths of the length from the base , anal 
segment enclosed m a chitmous ring, no separate chitimzation at base, outer 
subdorsal hairs single and long, 6 or 7 tunes the length of the chitmiized part of 
ie segment inner pair split into a number of branches all about the same length 
and about two and a half times the length of the segment , ventral anal papillae 
a lout half the length of the dorsal pair, the latter only about half the length of 
the anal segment, lateral hair of 2 or 3 fine branches, anal fan well developed 

trz sir - *- **• - — . £■£ 
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Pupa (Plate LIV, fig 11) distinguished by the presence of long three-branched 
hairs on tergites 4 and 5, and a very long two-branched hair on tergite 6 

Habitat tree-holes during the monsoon, Noith Kanara and Malabar, near 
sea-coast 

O. flavicosta Barraud Laiva, 4th stage (Plate LIV, figs 6 and 10) this 
larva differs m several respects from that of 0 flamthmax, with which it is found 
breeding m association, the hairs on the head and thorax being much less developed, 
and the larger comb teeth being of different form Head yellowish, slightly darker , 
posteriorly, antennal shaft about 0 5 mm long tapering from base to apex, paler 
on apical part than towards base, tuft of about 6 branches, arising at a point between 
one-quarter and one-third of length of shaft from base , clypeal hair A usually of 9 
branches, variation 9 to 12, B of 6 or 7 branches, C of 4 or 5, d of 3 or 4 fine branches 
much shorter than B or C, e fine and usually single but may be split into two towards 
the tip, preclypeal spines fanly long and tapering, pale m colour Thorax with 
lateral tufted hairs well developed but hairs on dorsum fine and inconspicuous 
The first two abdominal segments with lateral tufted hans, the following segments 
with fine hairs, some of which are long and single as usual, 7th segment without a 
chitimzed saddle, 8th segment with a definite saddle ncaily enclosing the segment, 
comb with 7 to 10 larger teeth and about 20 smallei fringed teeth, the larger teeth 
end m a number of sharp points and resemble a hand, there being usually 5 flattened 
leaf-like points , siphon 1 2 mm long, 5 or 6 times the length of the diametei at the 
base, hair tuft of about 6 branches, finer than m the other two species here descnbed, 
arising very slightly nearer the base than the apex of the tube ; anal segment very 
similar to that of 0 flavithoiax 

Pupa (Plate LIV, fig 12) distinguished b} the characters given m the key, 
except for these it is very similar to that of 0 flavithoiax 

Habitat tree-holes during the monsoon, Noith Kanara, near sea-coast 

REFERENCE 

Edwards F W , nnd Givev, 7) H C Bull Enl Res , 18 , p 33S 
(1928) 






Explanation of Platl LIY 


Drawings illustrating points of structure of diagnostic importance of the 4th stage 
larvae, and pupae, of Indian species of Orthopodomyia 

Pigs 1, 9, 11 and 12 drawn to the scale shown under Fig 1 
Figs 2, 3, 4, 8, 10, 13 and 14 drawn to the scale shown under Fig 2 
Figs 5, 6 and 7 drawn to the scale shown under Fig 7 


Fig 

1 

0 anopheloides 

33 

2 

0 anopheloides 

J 3 

3 

0 anopheloides 

53 

4 

0 anopheloides 

33 

5 

0 anopheloides 

33 

6 

0 Jlavicosta 

33 

7 

0 flamthorax 

33 

8 

0 flamthorax 

>> 

9 

0 anopheloides 

S3 

10 

0 flamcosta 

33 

11 

0 flamthorax 

33 

12 

0 flamcosta 

IS 

13 

0 flamthorax 

»> 

14 

0 flamthorax 


Pupa showing hairs on dorsum of one side on abdominal 
segments 3 to 7 (segt 7 on right ) 

Larva terminal segments showing chitiniml plates on 
segments 7 and 8, comb, siphon, and anal segment 
Pupa respiratory horn, side view , from flattened prepara- 
tion 

Larva one side of head showing hairs on dorsum, drawn 
from cast skin, mouth brush omitted 
Larva two comb teeth enlarged 
Larva two comb teeth enlarged 
Larva two comb teeth enlarged 

Larva terminal segments sliowung indefinite chitmization 
on segment 8, comb, siphon, anal segment 
Pupa extremity of abdomen 

Larva one side of head showing hairs on dorsum, mouth 
brush omitted 

Pupa showing hairs on the dorsum of one side on abdo- 
minal segments 3 to 7 (segt 7 on right) 

Pupa showing hairs on the dorsum of one side on abdo- 
minal segments 3 to 7 (segt 7 on right) 

Larva antenna 

Larva one side of head showing hairs on dorsum, mouth 
brush omitted 


( 1017 ) 
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Assistant Swgeon 

(Fiom the King Institute of Pi event ivc Medicine, Guindy, Madias) 

[Received for publication, November 4, 1931] 

The existence of different types m cholera bactenopliages, e g , types. A, B 
and C, was first demonstrated by Asheshov and Ins collaborators (1930) Of these, 
the A type of ’phage is the quick acting type acting on smooth cultures alone, while 
B and G types are slow acting ’phages which act on rough cultures as well It was 
also noted by them that on the basis of the lytic action demonstrated by an ‘ A ’ 
type of bacteriophage the various choleia vibnos so far obtained from different 
parts of India fell into I groups, and that, while no bactenophage was isolated that 
was able to lyse spontaneously all the four groups of vibrios, any one type could be 
adapted to lyse, after suitable laboratory cultivation, all the remaining groups 
of vibrios They noted, ‘ It was found that type A choleia-bactenopliage isolated 
- at Patna acted only on Groups I and II some of them acting only m Group I At 
Pori, a bacteriophage was found acting on Groups I, IT and IY of vibrios but of a 
feeble virulence As no stools were examined in Madras no bacteriophage sponta- 
neously acting on Group III was isolated ’ 

{Rejpoit to the Indian Research Fund Association, 1930) 

We had an opportunity to study this question during a small epidemic of cholera 
m Madras city m April and May 1931, when a few cases were admitted to each 
of the two infectious diseases hospitals m the City We examined the stools of 15 
cases m all for the presence of cholera bacteriophage, and from 12 of them an c A ’ 
type of cholera bactenophage was isolated that showed lysis with a representative 
J > ( 1019 ) 3 
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strain of each of the fow gioups of vibrios noted above Tins was therefore a poly- 
valent ’phage acting on all the types of vibrios known at present This is the first 
instance on record, we think, when this type was found to be present m so many 
cases during an epidemic 

Asheshov’s technique was followed m detail, which one of us had an occasion 
to study in his laboratory some time ago About 2 c c of the liquid cholera stool 
were inoculated into 30 c c of Asheshov’s medium m a flask (Papain broth pH 8 4) 
This was done m the hospital itself and the inoculated flasks weie brought to the 
laboratory for further incubation After 24 hours of incubation, the contents of 
the flasks were filtered through L3 candles, and the filtrate immediately tubed m 
ampoules One ampoule was taken for determining the presence and the type of 
’phage 

A separate peptone water culture was also made from the stool to isolate a 
strain of cholera vibrios to study the group to which it belonged 

The details of our findings are summarized m the following table The ’phages 
exhibited a very low grade of virulence — 

Table 


Showing the details of vibnos and bactenophages isolated 


Number of 
culture 

Group and character 
of vibrios 

Type of ’phage 

Date of 
isolation 

Hospital 

36 

II 

Polyvalent A 

26-4-31 

Krishnampel Isolation Hospi- 
tal 

38 

I 

Nil 

26-4-31 

Do 

39 

Rough 

Polyvalent A 

26-4-31 

Do 

40 

Rough 

Nil 

26-4-31 

Do 

41 

Rough 

Polyvalent A 

7-6-31 

Infectious Diseases Hospital, 
Tondinrpet 

42* 

T 

Do 

7-5-31 

Do 

43 

Rough 

Do 

7-5-31 

Do 

44 

Rough 

Do 

7-5-31 

Do 

46 

I 

Do 

7-5-31 

Do 

46* 

Rough 

Do 

7-5-31 

Ivrishnampet Isolation Hospi- 
tal 

47* 

Non agglutinating 

Do 

7-5-31 

Do 

4S 

Non agglutinating 

Do 

8-5-31 

Infectious Diseases Hospital, 
Tondinrpet 

49 

Non agglutinating 

Do 

8-5-31 

Do 

50 

Rough 

Do 

8-5-31 

Do 


* Denotes fatal cases 
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Comments 

It must be noted heie that m the Infectious Diseases Hospital, Tondiarpet, 
a few cases of cholera had been treated by us in November and December 1930 , 
the ’phage used being that supplied by Asheshov— a mixture containing poly- 
valent £ A ’ type and B and C types Asheshov has shown that cholera ’phage, 
once administered to a case in the hospital, after wards propagates itself ‘ naturally ’ 
in hospital cases, so that the same polyvalent ’phage can be recovered from a case 
admitted there even a month after the administration of ’phage ceased ( Peisonal 
communication ) It could therefore be contended that the finding of a polyvalent 
’phage in the cases admitted to this hospital in the present series is meiely due 
to such ‘ natural cultivation ’ We doubt, however, if our piesent findings are to 
be accounted foi in this way The ’phage v as used foi the last time m treatment 
on 7-1-31 It is tiue that a case oi two of cholera were admitted to the 
hospital daily since then But in the piesent senes, the polyvalent ’phage was 
isolated m that hospital on 7-5-31, i e , after foui months’ interval Again while 
the ’phage used for treatment contained all the tluee t-\pes, i c , A, B and C, only 
A type of ’phage was isolated m the present senes Though types B and C are 
slow acting ’phages there was every chance of then being propagated in some of 
the patients at least 

A fairly conclusive evidence, howevei, is that a polyvalent phage was isolated 
from a few cases admitted to the Krishnampet Isolation Hospital which is situated 
m the southern part of the city at a distance of over seven miles fiom the formei 
and where ’phage treatment had not been undertaken at all There was no 
interchange of staff between the two hospitals 


Ashtshov, N et al (1030) 
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A NOTE ON THE ANTIGENIC STRUCTURE OF SECONDARY 
CULTURES OBTAINED WITH THE THREE TYPES OF 
CHOLERA ’PHAGES AND A STRAIN OF 
CHOLERA VIBRIO. 

BY 

C Or PANDIT, MB, B S , PH D , D P B & STM, 

Assistant Director, 

AND 

R SANJIVA RAO, mb, b s , dtm, 

Assistant Swgeon 

(From the King Institute of Pieventwe Medicine, Gmndy, Madras) 
[Received ior publication, January 9, 1932] 

While some information is now available regarding the changes which bacterial 
cultures undergo afteT homologous ’phage action, particularly with regard to 
changes brought about m their morphological and biochemical characters, the 
antigenic characters of such secondary cultures have not yet been sufficiently 
studied Burnet (1930) summarizes these changes as follows 1 Development of 
roughness 2 Loss of heat-labile antigens 3 Development of magglutmabi- 
hty, with power to produce normal agglutinins 

In connexion with the development of roughness Hadley (1927-28) has put 
forward the hypothesis that bactenophagy is essentially a phenomenon of microbic 
dissociation and that ’phage resistant or secondary cultures are really the manifesta- 
tions of a rough ’phage of the normal smooth culture and are almost identical with 
the rough variants which are obtainable m the entire absence of any bacteriophage 
action A logical corollary to this hypothesis would be that the two types of rough 
strains so obtained would show some resemblance m their antigenic structure 

In this note some observations bearing on these points are recorded The 
observations were made with one strain of cholera vibrio and the three types of 
cholera ’phages isolated by Dr Asheshov 

( 1023 ) 
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Antigenic Shuctwe of Secondary Gultwes 


Matenal and methods employed 

1 Types of choleia bactenophage — These were the three types described by 
Dr Asheshov (1930) and obtained from him, viz , 64 A, 146 B, and 13 C They 
were cultivated and maintained m Asheshov’s medium (papame broth pH 8 4) 
Of these ‘ 64 A 5 tvpe of phage was the quick acting type of ’phage but acting only 
on the smooth stiams of vibrios and phages B and C were slow acting types acting 
on rough strains as well 

2 Choleia vibno J — This was a smooth stiam isolated m Patna by 
Dr Asheshov As lecommended by him its smooth characters were maintained by 
sub-culturmg it whenevei necessary, on neutral biomo- + hymol blue papam agar 
This strain i\as chosen because it was m constant use in the laboratory and had 
given consistent results It was tested and found to be ‘ ultra pure ’, i e , not 
contaminated with ’phage 

3 Rough variant J — This was obtained m the first instance bv plating a 
three weeks old biotli cultuie A lough looking colony was picked out and m 
order to enhance its roughness if possible, it was giown again m alkaline broth to 
which was added its homologous antiserum m a dilution of 1 m 10 It was noted, 
however, that the lough cliaractei was not peimanent and the cultuie had atendencv 
to revert to its smooth type, particulaily on keeping In all the experiments 
therefore fresh sub-cultuies fiom lough colonies were used in order to eliminate 
the smooth elements as far as possible 

4 Secondary cultwes — These weie of thiec types conesponding to the three 
types of ’phages noted above They were obtained by inoculating 10 c c of papame 
broth with a suitable amount of five hours old smooth culture and one drop of the 
appropriate ’phage and incubating overnight The secondary growths obtained wei e 
maintained on agai slopes previously smeaied ovei with the conesponding ’phage 

5 Agglutinating sem — Pour types of agglutinating sera weie employed 

(a) Serum prepared by immunizing a rabbit against a suspension of °mooth 
‘ J ’ culture killed at 58° C This would contain both the H and 0 agglutinins 

(b) Seram prepared against the same strain but with the culture heated, to 
100° C for 2 horns This would therefore contain only the O type of agglutinins 

(c) Three seia prepared with the three ’phage-resistant valiants, i e , 
secondary cultures of J killed at 58° C 

(d) Serum against the rough variant of J obtained as noted before and killed 
at 58°C 

All the rabbits were immunized by five intravenous injections with 1 c c stock 
suspensions at intervals of five days and the animals were bled nine days after the 
last injection 

Technique , 

The technique employed was more or less the same, as described by Balteanu 
in his work on the antigenic structure of the cholera vibrio Bor the tests the 
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suspensions were made fiom cultures 24 liours old m 0 85 pei cent saline (distilled 
water was used for the rough variant) 

The strength of all the suspensions was brought to 1,000 millions pei c c One 
half of each was heated to 100° C (for 2 hours to destroy the £ H ’ agglutinogen) 

The tests were carried out in Dreyer’s tubes arranged m series 0 25 c c of 
the suspension was first added, and then an equal volume of various dilutions 
of the sera m 0 85 per cent saline 

The tubes weie incubated m a water bath at 50° C foi 3 hours and then kept 
overnight m an incubator at 37° C The readings were taken the next morning 
The titre and the nature of the agglutination were noted 

The results obtained are given below Table I summarizes the titres obtained 
against the homologous cultures, all the secondaries and the rough variant with 
the two antisera vs J, one containing both * H and 0 5 agglutinins and the other 
containing only the ' 0 ’ agglutinin — 


Table I 

Agglutination of noimal cultme J and its valiants 


JS A 


JSB 


JSC 


Culture 


Killed at 58° C for J hr 
. Heated to 100° C for 2 hrs 


f Killed at 5S° C for J hr 


t 


Heated to 100 c C for 2 hrs 


( Killed at 58° C for hr 
( Heated to 100° C for 2 lire 


j Killed at 58° C fdr l hr 
\ Heated to 100° C for 2 lire 


J R 


( Killed at 58° C foi ^ hr 
1 Heated to 100° C for 2 hrs 


ANTISERUM J (H O) 


Flagellar 


1,600 


200 


S00 


400 


800 


Somatic 


1,600 

1,600 


? 50 incomp 
50 


800 

800 


400 

400 


50 

50 


Antiserum J O (O) 


Flagellai 


Somatic 


1,600 

1,600 


50 mcomp 
50 „ 


800 

800 


400 

400 


50 

50 


j '"“’"‘I 1 'f J S A “ action of oh 7 «T 

J S B= Secondary after the action ch 6 146 B J S C- ‘ , 

J R = Rough variant of J ? Secondary after the action ch ^ 13 C 
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Antigenic Stiuctwe of Secondary Gultuies 


It is seen that the secondary culture obtained after the action of A type of 
’phage differs considerably m its antigenic make up from the normal smooth 
type and to a certain extent from the secondaries obtained with the other two 
types of ’phages Thus the somatic antigen is very considerably altered in 
the case of secondary A and to a less extent m the case of secondaries B and 
C While the titre obtained with the flagellar antigen is reduced to some extent 
m the case of all secondanes, the change is not so marked as in the case of the 
somatic antigen 

The rough variant on the othei hand shows little reduction in the titre for the 
flagellar antigen The somatic antigen, however, is changed to the same extent 
as m the case of secondary A The rough variant therefore more or less approxi- 
mates to the secondary A as far as its somatic antigen is concerned While 
these observations were confirmed m the majority of tests done, there were a few 
instances when a spontaneous agglutination was noted with all the cultures put 
up, in all dilutions both with the immune sera and the normal control serum 
Such occasionally variable results have also been noted by other workers, e g , 
Wolfe (1930) who worked with Flexner dysentery bacillus and its secondary 
cultures 

The changes observed in the antigenic stiuctuie between the three types of 
secondaries might be correlated with the natiue and lapidity of action of their 
homologous ’phages, and explain to a ceitam extent the differences m the 
behaviour of the thiee types of phages Asheshov has shown that a secondary 
culture obtained with any one of the above types of ’phages v as still lysable by 
the other two types of ’phages Since B and C ’phages act on the rough strains 
also, their action on the secondary A is easily understood But the ‘ A ’ type of 
’phage also acts on the secondaries of B and C and since ‘ A ’ ’phage does not 
act on rough strains at all the secondaries of B and C would have to be considered, 
not as truly rough, but analogous to some extent m then somatic antigen with the 
normal smooth culture That it is so, is borne out by the results obtained above 
B and G secondaries retain then oiigmal somatic antigen to a considerable 
degree 

Further corroborative evidence is given by the absorption experiments described 
below and by the varying power of the three secondary cultuies to provoke normal 
agglutinins 

Absorption tests — The antiserum J was absorbed separately by each of the 
three types of the secondanes and the agglutination titres of the absorbed sera 
were tested against the homologous culture, 1 e , J The following results were 
obtained 

It is seen that secondaries B and C absorbed almost all the agglutinins for 
antiserum vs J, but with the serum absorbed with the secondary A, granular 
agglutination to a titre of 1 in 200 was obtained This again confirms the nature 



C G Pandit and R S Rao 1027 


and extent of the antigenic change m the secondary A, as compared with changes 
m secondaries B and G 


Table II 


Absorption tests 



Si RUM AETER ABSORPTION WITH 


J 

Secondary A 

Secondary B 1 

Secondary 0 

Culture J 


1 

200 g 

<50 

<50 


In view of this change m the somatic antigen it was decided to see to what 
extent the secondary cultures would provoke normal agglutinins Suit able antisera 
against all the secondary types were prepared as noted before and cross-agglutma- 
tion tests were put up both with the normal smooth cultures and the secondary 
culture The results are summarized m Table III — 

Table III 
Co oss-agglutmatioois 


Antiserum against 



J 

JS A 

JSB 

' 

JSC 


Flagellar 

Somatic 

Flagellar 

Somatic 

Flagellar 

Somatic 

Flagellar 

Somatic 

J ! 

1,600 

1,600 

100 in 
comp 

100 in 
comp 

200 i 

1 

200 

1,600 

1,600 

JS A 

200 

50 

200 

200 

100 

50 

200 

50 

JSB 

800 

800 

100 

100 

400 1 

400 

400 

400 

JSC 

400 

400 

100 

100 

400 

400 

1 

1,600 

1 

1,600 


It is seen that the power to provoke normal agglutinins was diminished to a 
great extent in secondary ‘ A ’ and to a less extent m the case of secondary B, while 

it more or less approximated to the normal type with secondary C 

Further work m this connexion will be undertaken when we have succeeded 
m obtaining a fairly stable rough culture Experiments m that direction are m 
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Antigenic Stiuctuie of Secondary Cultures 


A reference might be made here to the work of Burnet (1929) who obtained 
from a smooth non-motde stiam of B sanguvnanum (Salmonella galhnanmn) both 
S and R resistant forms by suitable ’phage action He found that when no change 
of ’phage (S or R) occurred after ’phage action, the resistant variants were sero- 
logically identical wnth their parent strains and that no change m the heat stable 
agglutinogen was noticed , while our results are more or less m agreement with 
the above m respect of secondaries B and C , they are not so m the case of secondary 
A It is to be noted, however, that the variants obtained by Burnet had been 
purified from ’phage by repeated platings In the present work, the secondary 
cultures werfc not so purified and as lias already been noted they were always sub- 
cultured on agar after the medium was smeared over with the corresponding 
’phage 

It was m these conditions that a change m the somatic antigen was noticeable 
in the secondary cultures 


Summary 

The antigenic cliaracteis of the tluee types of secondary cultures were studied 
The mam change was m respect of the presence of the somatic antigen This 
antigen was considerably diminished m the case of secondary A but it persisted 
m varying amounts with secondaries B and C The above gradation was noted 
m the case of flagellar antigen also The power to piovoke normal agglutinins was 
found to be proportional to the amount of somatic antigen present The lesults 
are m accordance with the difference m behaviour noted with the three types of 
cholera ’phages The rough variant, produced mdependentlv of any phage action, 
showed more or less the same antigenic structure as was noted with the ‘ A ’ type of 
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In tlie Tropics, especially in a province like Bengal, wlieie malaria and kala-azai 
are so rampant, any enlarged spleen, which is detected by the average practitioner 
during the examination of his cases, is considered to belong to one oi the other of the 
two above-mentioned conditions In this short papei, the wntei lias tiled to survey 
the incidence of splenomegaly m various conditions as met with m a laige senes of 
unseiected cases The figures and facts have been collected from the neciops) 
findings m the post-mortem examination i oom of the Medical College Hospital as 
well as from the records of the Pathology Department of the same college The 
writer had an unique opportunity of studying each one of these cases which were 
obtained during the period under review, having been intimately connected with 
both the college and the hospital for more than 12 yeais 

During the period of 10 years, i e , from 1920 to 1929, both years inclusive, 
the total number of necropsy examinations, which were obtained fiom the medical 
college group of hospitals, was 977 This series consisted of as large a variety of 
cases as one could expect to get from a general hospital Out of this number, 525 
cases, l e , about 54 per cent, were found to have enlarged spleens, the weights of 
which varied from 200 grammes to 1,500 grammes and above I have taken 200 
grammes as the minimum weight of an enlarged spleen because, by a comparative 
study, I find the average weight of the spleen m apparently normal individuals as 
met with in medico-legal post-mortem examinations, to vary from 100 to 150 
grammes I have classified the degrees of enlargement as m the following table — 
Humber of cases Weight m giammes 

200 to 500 
500 to 1,000 
1,000 to 1,500 
above 1,500 


356 

118 

39 

12 
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Out of these 525 cases, accessory spleens were detected in 26, i e , about 5 
pei cent of the total number of cases of splendmegaly No special significance 
could be attached to this finding except m a few cases where the accessory nodule 
was enlarged enough to appear as a palpable mass m the abdomen giving rise to 
diagnostic speculations 

In 203 cases, i e , 21 per cent of the total number, the organs weie felt to be 
fairly firm and on section various degrees of toughness were noticed In almost all 
of them, the trabeculae weie numerous and veiy prominent, appearing to the naked 
eyes as little areas of scamng The colour of the organ varied from a dull red to 
deep chocolate, accoidmg to the cause of death A very remarkable feature of this 
group was the frequency of the capsular changes In all of them there were various 
degrees of generalized thickening of the capsule and m 198 cases, i e , about 97 
per cent, there was definite evidence of perisplenitis with adhesions to the neigh- 
bouring viscera Contrary to the usual and common belief, these capsular changes 
and the adhesions were found to be very infrequent m cases of true leishmama — 
positive cases of lcala-azar Anothei featuie of these cases was that the above 
changes did not depend on the relative size of the spleen some of the enormously 
big organs showed only little ox localized changes whereas an organ of 200 to 500 
grammes showed the most intensive hyaloserositis on the capsule and inseparable 
adhesions with the diaphragm, stomach and large intestine 

The 525 cases are grouped as follows according to the various diseases which 
were diagnosed during life — 


Malaria 

31 

Hodgkin 

1 

Kala-azar 

67 

Heart disease 

38 

Tuberculosis 

88 

Acute infection 

104 

Portal cirrhosis 

19 

Miscellaneous 

148 

Leukaemia 

3 

Unknown 

26 

The examination of 

the cases of 

malaria and kala-azai 

m detail reveals 


interesting feature It shows how m a province like Bengal, the supposed endemic 
home of malaria and lcala-azar, the greatest difficulty is experienced m the accuracy 
of diagnosis and determination of the aetiology of the splenomegahc condition m 
life Out of the 98 cases (31 cases of clinically diagnosed malaria and 67 cases of 
kala-azar), m at least 24 cases, this was definitely noticed From clinical signs and 
symptons, they were diagnosed, either as malaria oi kala-azar, but necropsy and 
laboratory examinations failed to prove the ante-mortem diagnosis Then again, 
taking the weights of the organs into consideration, we may notice another fact 
In our series, we took 54 cases of splenomegaly m which the weights of the organs 
varied from 600 grammes to 2,700 grammes Out of these, 14 cases rvere diagnosed 
as hob-nail or kala-azar cirrhosis and m 2 there had been a suggestion of splenic 
anaemia Out of the remaining 38 cases, no definite conclusion could be reached 
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m 17 and in 21, chronic malaria or leishmaniasis had been suspected Oareiul 
necropsy and histological examinations failed to show any evidence of either malaria 
or kalffi-azar in any one of them 

An attempt has been made to study the setiology of these cases from the 
available history and the post-mortem records While m the present state of our 
knowledge, it is not possible to find out the exact causation of these huge splenic 
enlargements, nevertheless we find many interesting facts which are well worth 
serious consideration Clinically, there arc always some features which are common 

to all 

(1) They are always found m largest number to come from ceitam districts of 
Bengal, particularly West Bengal and the lower part of Eastern Bengal 

°(2) They always run a very chronic course extending over years, carrying the 
enormous spleen and liver all the time and following their usual profession m life, 
though with much reduced efficiency 

(3) They always suffer from an irregulai type of fever, the course of which 
does not follow that of any definite known malady This fever is variously labelled 
by different medical men as malaria, leishmaniasis, enteric and the like 

(4) Futility of all theiapeutic measuies constitutes a very important factor 
All the known remedies for splenic enlargements, such as quinine, iron, arsenic, 
antimony, etc , produced no impression on the course of the disease, some of the 
cases getting numerous injections of arsenic and antimony, on the supposition that 
the cases were chronic malaria or kala-azai 


(5) They always develop a secondary type of ansemia of vaiymg giades 
depending on the intensity and duration of the disease, with marked diminution of 
white blood cells and polymorphonuclear leucocytes 

(6) They always tend to develop fibrosis of the liver, many of the cases ulti- 
mately changing into a typical picture of cirrhosis of the liver with ascitis 

M (7) They always die of some mtercurrent malady such as pneumonia, 
ulcerative colitis, cancrum oris, etc 


In the necropsy room, we find capsular changes m the way of thickening and 
perisplenitis and the development of adhesions to the surrounding structures 
specially to the diaphiagm very frequent The substance of the spleen feels firm 
and cuts with varying degrees of resistance, according to the duration of the illness 
The cut surface always shows numerous prominent bluish white trabeculse The 
liver m these cases is always found to be enlarged and congested and, m some very 
old-standing cases, fibrotic and even hob-nailed We systematically examined 
he bone-marrow m the middle third of the feimnr and m almost all of them we 
iound the yellow marrow replaced by red formative marrow 

^ st f olo ^ cal examination of these spleens reveals a picture which is 

t] S ,? y 1 ° Und m every one oi these cases > with minor modifications In all of 
them, the splenic pattern tends to be lost and the malpigffian follicles atrophied or 
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total’y destroyed The entire pulp looks cellular, congested and full of many large 
phagocytic mononuclear cells In some of the cases, the latter show intense red 
cell phagocytosis indicating an abnormally increased capacity of the organ for 
blood destruction The capsules are thickened and the trabeculae very prominent 
containing much fibious tissue There is also a considerable increase of 
reticular fibres which appear fairly coaise and numerous when stained with Foot 
Bielschowsky’s method 

Tubeiculosis appears to be a fauly important cause of moderate degrees of 
splenomegaly In our sei les of 525 cases of enlarged spleens, 88, 1 e , about 6 per 
cent, were due to this cause The enlargement was noticed particularly m chronic 
pulmonary Infection with oi without evidences of secondary tubeiculous deposits 
There had been thickening of the capsule and vanous degrees of toughness due to 
some mciease of connective tissue m the trabecula; Amyloid changes were found 
m none of the cases under the naked eye and only very rarely under the microscope 

The group of cases where great enlaigement of the spleen was associated with 
typical cirrhosis of the liver deserves special attention During the period of 
11 years from 1920-1930, theie have been 36 cases of cnrhosis of the liver The 
picture was typical both before and aftei death and the liver m everv case show ed 
typical multilobular type of cnrhosis vanficd under the microscope Out of this 
number, theie weie 21 cases m which the average weight of the spleen was found 
to be about 300 grammes and theie were 15 cases m which the average rose up to 
900 grammes A large amount of capsulai changes, considerable adhesions to the 
neighbouring structures and the generalized toughness of the substance of the organ 
characterized each one of them In at least four of the last group, an ante-moitem 
diagnosis of kala-azar cirrhosis was made but no evidences of leishmaniasis could 
be detected by a careful and painstaking seaich both by direct smears and histo- 
logical examinations of the spleen and liver after death 

Thus, we see that amongst our necropsy cases the typical portal type of 
cirrhosis may be classified into two distinct gioups , one associated with marked 
splenomegaly and the other without it Some of the cases m the former group 
have been considered to be due to the effect of leishmaniasis without any proof 
From a very painstaking and critical survey of 25 paiasite positive cases of kala-azar 
we definitely failed to find excessive production of fibrous tissue m the spleen and 
liver, nor any true portal cmhosis of the liver (vide I ml Join Med Fes , 19 , 
No 2, p 457) Besides, when the livei shrinks consideiabty m advanced cirrhosis 
and the radicles of the poital vein are compressed, there may be some enlargement 
of the spleen, mostly due to passive congestion of the organ and partly due to the 
activity of the reticulo-endothelial group of cells to cope with any chronic infection 
The average weight of an organ m such a case is about 10 oz (Morley Fletcher) 
But certainly the above facts cannot account for the production of such huge spleens 
as we have met with m our present series of cases Moreover had the conditions of 
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portal cirrhosis been responsible for such a picture, then such an enlargement of 
the spleen would be found in all cases without exception Thus we are forced to 
conclude that these two groups of cirrhosis cases have two separate aetiologies 
Whether this huge enlargement of the spleen is the cause, or the effect, of changes 
in the liver will be the subject-mattei of a contribution to be published very shortly 
Personally, I have ample reasons to believe that m these cases the changes m the 
spleen are primary and play the most impoitant role m the aetiology of hepatic 
cirrhosis m Bengal 

My best thanks are due to Majoi G Shanks, ihs, late Professoi of Pathology, 
Medical College, Calcutta The entire cost of the work has been borne by the 
Indian Research Bund Association to which I express my indebtedness 
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THE PHARMACOLOGICAL ACTION OE THE VENOM OF 
RUSSELL’S VIPER OF INDIA (DABOIA OR 
VIPER A ELEGANS) 

BY 

V ISWARIAH, BA, MB, B S , 

AND 

J CHRIST ODOSS DAVID, mb, bs, phc 
(Fiom the Department of Pharmacology, Medrcal College , Madras) 

[Received for publication, No\ ember 23, 1931] 

In a previous paper embodying tbe results of the investigation of the venom of 
the Indian cobra, Chopra and Iswariali (1931) pointed out that the mam action 
of the venom of the cobra is a stimulation of the respiratory and the vasomotor 
centres m the medulla, death being most probably due to over-stimulation of the 
respiratory centre leading to spasm of the muscles engaged m the movements of 
respiration Death after the bite of the viper has for a long time been alleged to 
be due to capillary haemorrhage or intra-vaseular clotting Most of the literature 
that deals with snake-bites classify snake venom into two broad divisions — the 
venom of the cobra and that of the viper Apart from the difficulty of identifying 
the variet} r of snake, there has been a tendency to assign all cases of bite by a snake 
other than the cobra to the bite of the viper group, the venom of all the members of 
which is said to act on the system m an identical way 

Weir Mitchell and his collaborators (1886) working on the venom of poisonous 
serpents said that they found it difficult to secure the poison of Daboia russelh of 
India Government aid and private enterprise alike failed to procure for them a 
sufficient quantity of the venom of this dieaded reptile Having investigated 
partially the complex chemical nature of the venom, the above workers said that 
their discovery might be made the groundwork m India foi a study of the poison 
of the Daboia But so far it has not been possible to get at any work calculated to 
throw more light on the action of the venom of the Russell’s viper 
B mb ( 1035 ) 


4 
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The Daboia or the Russell’s viper is responsible next to the cobra for the 
greatest number of deaths from snake-bite It is a viper according to zoological 
classification The action is also said to resemble that of the other vipers But the 
two main actions ascribed to the venom — intravascular clotting and haemorrhage — 
did not appear to us to be the cause of the high mortality from the bite of the 
Russell’s viper Hence this investigation The venom, we investigated, was 
supplied to us by the Haffkme Institute, Bombay, m the form of orange crystals 
fairly soluble m water During the course of our work it was kept m cold storage 
m order to prevent deterioration 


Chemistry 

Edward T Reichart and Weir Mitchell (1886) m two examinations separated 
from the viper venom two bodies corresponding to those m the cobra venom — 
* a water-venom -globulin ’ find a peptone The water -venom-globulin exists 
only in an exceedingly small quantity The peptone which is more abundant 
dialyses with greater difficulty than that of the cobra venom The venom of the 
Daboia is not so resistant to heat as that of the cobra The vigorous frothing on 
shaking suggests the presence of saponin, but other chemical tests do not seem to 
indicate its presence The precipitation and partial detoxication on heating 
indicates to some extent that the toxic factor is of the nature of globulin either 
alone or with others in combination Its toxicity is easily destroyed by caustic 
agents 

Toxicity 

Calmette (1908) m his book on venoms gives the M L D of the Daboia venom 
as 0 001 gm for guinea-pigs weighing on on average 600 gm or roughly 2 mg per 
kilo Lamb, quoted by the above, obtained 0 05 mg per kilo for rabbits by the 
intravenous route Our work with white rats, guinea-pigs, cats and dogs indicated 
2 mg per lalo roughly as the lethal dose thus eonfiimmg Calmette’s findings 
Guinea-pigs were a little more susceptible than white rats, and dogs moie than cats 

Very often there were convulsive spasms of the muscles of the limb before 
death Anaesthetized animals also showed these spasms sometimes The spasms 
invariably started when the blood-pressure was at its lowest Fayrer and Wall 
(1886) had observed the same and Weir Mitchell et al noticed this even after artificial 
respiration The coincidence of the fall of blood-pressuie with the onset of the 
convulsive spasms seems to indicate that deficient blood supply to the higher nerve 
centres is the cause for this 

Post-moitem appearances 

The following were noticed Slight congestion of the lungs with a few patches 
of haemorrhage here and there , right heait semi-distended with livid blood , 
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no clots noticed m tlie chambers of tlie heart or the larger blood vessels The 
alimentary tract was cyanosed with distended veins , the spleen and the liver 
often showed no change The kidneys were livid with prominent distended veins 
Blood-tinged effusions were often seen m the pleural and the peritoneal cavities 

Local action 

The bite of a viper has been noticed to produce an intense local irritant effect , 
necrosis invariably sets m around the site of the bite Manson-Bahr, m his book on 
4 Tropical Diseases’, observed that vipei venom caused severe pam locally with 
rapidly forming extensive oedema, together with blood-stained discharge and 
ecchymosis round the site of the puncture We injected 1 c c of a 1 to 5 per cent 
solution of the Russell’s viper venom into the thigh muscles of white rats and guinea- 
pigs after removing the hair and securing aseptic conditions If the animals did 
not die m 3 to 4 hours a slight reddening and swelling of the part were noticed 
Controls with normal saline did not show any such response No hardening was 
noticed at the site even after three days Higher concentrations of the venom, i e , 
10 per cent or more m bigger animals, showed diffuse necrosis after 24 hours if the 
animal did not die m that period 


Action on blood 

The venom does not hasten coagulation of blood m vitro The hsemolytic 
property of the venom was tested in various concentrations on the erythrocytes of 
dog and man In concentrations of 1 m 1,000 or more the red blood corpuscle 
hsemolysed m 5 to 15 minutes In higher dilutions no htetoolysis was noticed 
even in 2 to 4 hours This was compared with the haemolytic power of saponm 
and it was found that m dilution of 1 m 100,000 saponin hsemolysed the red 
corpuscles in 1 to 2 minutes 


Girculatoi y system 

Cats weighing roughly 2 kilos were mainly used for the systematic investigation 
and sometimes dogs of about 4 kilo body weight Cats were anaesthetized with 
chloralose administered intramuscularly m doses of 0 1 gm per kilo, and dogs with 
paraldehyde 2 c c per kilo given by mouth The venom was prepared m saline 
usually in 1 per cent concentration 0 2 to 0 4 mg of the venom injected with 
f ,° ® ° f SaUue mt0 tte femoral vem of cats produced a gradual fall in the 

™T te 20 S ? (GrapK *■ 2 >’ the pressure bemg 

about 60 mm Tbs fall was faulty persistent In the dog the fall of blood-pressure 

“" c | “y? S " dde ' 1 < Gra P h ®* J > A second dose of the same quantity 

“ ‘ ‘’f y™ resp0,lse ’ ver ? oft <* a™ ws no response at all Ifthe 

annual surmved two mjectmns, subsequent admm,strat.on even to the extent of 
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5 to 10 mg (3 to 5 times the lethal dose) did not act on the animal adversely 
Very often when a big fall of blood-pressure occurred causing almost stoppage 
of heart action with the first or second dose, administration of about 10 c c of 
normal saline intravenously was able to revive the heart and bring the blood- 
pressure back nearly to the original level (Giaph 1, fig 3, c) 

Injections of the venom after paralysis of the sympathetics by ergotoxm showed 
the usual fall of blood-piessure m spite of its already low level due to vaso- 
constrictor paralysis (Graph 2, fig 1) 

Histamine was administered m doses of 0 1 mg to fresh animals so as to cause 
a permanent fall m the blood pressure Injections of the venom m doses of 0 5 to 
5 mg after this did not produce a further fall of blood pressure (Graph 2, fig 3, 
a and b) If the process were reversed and histamine given after one or two 
injections of the venom a sustained rise of blood pressure was noticed in the place 
of the usual fall 

We next observed the action of the venom on the volumes of the splanchnic 
organs These showed a fall only m correspondence with the general fall 
of the blood-pressure The volume of the limb showed no change nor was 
any change noticed on peifusmg the mesenteric vessels But perfusion of the 
limb in situ showed a definite quickening of the inflow as well as the 
outflow 

The action of the venom on the heart m situ was lecorded by the myocardiograph 
and the cardiometer In both it was found that the hcait was not appreciably 
affected , but the shght changes sometimes noticed seemed to be consequent on the 
fall m blood-pressure (Graph 1, fig 2) The isolated heart of the rabbit, the 
kitten as well as that of the frog m situ was unaffected by the a enom m dilutions 
of 1 m 500,000 to 1 in 20,000 (Giaph 1, fig 3, a ) 

Resjmatoiy system 

Record of mtia-tracheal respiration m anaesthetized cats did not show an) 
change after administration of viper venom (Graph 2, fig 2) The venom had no 
action on the lower respiratory mechanism as shown by experiments recording 
intrapleural pressure In dogs, sometimes, the first dose of the venom caused 
anest of respiration aftei a marked fall m the blood-pressure In such 
cases the animal never revived 


Discussrox 

Death after the bite of the Russell’s viper has been so far attributed to intra- 
vascular clotting or multiple hsemoriliages Carmichael Low, m Price’s Medicine, 
claims for the viper venom a paralytic action on the vasomotoi centre But our 
experiments lead us to the conclusion that the general fall m the blood-pressure 
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noticed after the administration of the viper venom is due to the poison acting on 
the circulation peripheral to the arterioles 

That the fall m the blood-pressure is not mainly due to the action of the venom 
on the heart is shown by the isolated heart being unaffected by concentrations even 
higher than wliat is obtained m the body m fatal cases In situ the ventricle is 
augmented progressively as the blood-pressure falls The splanchnic organs show 
a fall in volume correspondmg to the fall m blood-pressure This indicates that 
the fall m the blood-pressure is not due to active dilatation of the arterioles of the 
splanchnic region The general fall m the blood-pressure is noticed even after 
paralysing the vaso-constnctors with ergotoxm This again shows that the 
vasomotor system is not primarily responsible for the fall m the blood-pressure 
The lowering of the blood-pressure caused by the venom after ergotoxm is more 
abrupt than m normal animals This indicates that before ergotoxm was adminis- 
tered the tone of the arterioles m virtue of the intact vasomotor nerve endings 
in them permitted only a gradual fall of blood-pressure , but that when this tone 
was lost after the injection of ergotoxm the fall was more abrupt That the venom 
does not furthei lower the blood-pressure after repeated injections of histamine 
shows that it most probably acts similarly, namely, as a paralyser of the capillaries 
It has also been noticed that histamine administered after the venom causes a 
prolonged rise of blood-pressure This fact seems to indicate that the capillaries 
have already been completely paralysed by the venom and cannot be further dilated 
by histamine, but that the histamine action on the arterioles is responsible for the 
sustained rise m the blood-pressure 

The capillary action is also indicated by the acceleration of the flow of the 
perfused fluid through the limb after the injection of viper venom This effect is 
not noticed when the mesenteric vessels are peifused, probably due to the meagre 
distribution of capillaries m the splanchnic area unlike the limb and the surface 
That a failing heart due to general fall of blood-pressure could be revived with 10 
to 15 c c of saline, m our experimental animals, lends support to the hypothesis 
that as a result of the administration of viper venom the blood stagnates m the 
capillaries and the heart fills less effectively This suggests the possible line of 
treatment in cases of poisoning by viper venom 

Our investigation also shows that once the heart adapts itself to the maximum 
capillaiy paralysis and the consequent fall of blood-pressure, the animal could 
tolerate even 5 to 10 times the lethal dose of the venom 

Summary and conclusions 

1 The venom of the Bussell's vipei of India causes a general fall of blood- 
pressure m mammals, probably due to the paralysis of the capillaries 

2 Even m high concentrations, the venom does not seem to possess anv 
irect action on the heart , nor has it any action on the walls of the blood vessels 
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3 Intravenous administration of normal salme m about 10 to 15 c c doses 
tend to revive the animal , the heart works for a fairly long time after the salme 
administration with a good rate and amplitude 

4 There is no evidence that the venom of the Russell’s viper increases the 
coagulability of blood, nor that haemolysis is caused by such concentration as is 
likely to be found m the human system after a bite by a viper 

We are greatly indebted to Lieut -Colonel R N Chopra, i m s , of the Calcutta 
School of Tropical Medicine, for having suggested this work and for kindly supplying 
the venom We also thank Dr K Venkatachalam, Research Officer in Indigenous 
Drugs at this institution, for his constant help throughout the course of this 
research 
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STUDIES IN THE NUTRITIVE VALUE OF INDIAN 
VEGETABLE FOOD-STUFFS. 

Part IV. 

NUTRITIVE VALUE OF GREEN GRAM, PHASEOLUS MUNGO AND 
BLACK GRAM, PHASEOLUS RAB1ATUS 

BY 
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[Received for publication, November 23, 1931] 

The Phaseolus is a genus of climbing plants, usually herbaceous, of- which 
some fifteen species are indigenous to India The aconite bean — Phaseolus acomli- 
fohus — has already been referred to m the previous part 

The green gram — Phaseolus mungo — is grown m all parts of the country In 
the Bombay Presidency it occupies an area of two and a half lakhs of acres It is 
chiefly cultivated m the Khanf season when it is grown subordinate to jwar and 
other cereals It is also sown alone as a rabi crop m some districts as a second 
ciop after rice The pulse is eaten boiled whole, or is split and used as dal There 
are three varieties of the pulse green, black and yellpw The green, being the 
most common, was employed for purposes of this investigation 

The black gram — Phaseolus ladiatus — is an important crop m the black soils 
of Khandesh Nearly three lakhs of acres are under the cultivation of this crop 
The ripe black gram is very much esteemed as a pulse It is the chief constituent 
of the wafer biscuits known as papads Both the gram and straw are valuable 

( 1041 ) 
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liorse and cattle food There are two varieties of ihe pulse one with large black 
seeds and the other with small green seeds, of which the former w as used for this 
work 

The above two pulses are known by the following vernacular names — 

Green gram (Phaseolus mungo ) mung, patcha payaru, uruthulu, etc 
Black gram ( Phaseolus mdiatus) urud, samra, mashkulai, ndid, uddu, etc 
The flour of these two pulses dried at 100 C C gave the following 
percentages on analysis — 

Table I 


; 

Ash 

Ether 

evtractiees 

Crude 

fibre 

Crude 

protein 

N X 6 25 

Cnrbolrt drato 
by difference 

True 

protein 


Per cent 

Per cent 

| Por cent 

Per cent 

Per cent 

Per cent 

Phaseolus mungo 

4 14 

2 81 

l 

1 

' 

r> so 

27 94 

59 71 

25 25 

Phaseolus radtaius 

■ 

4 58 

2 40 

4 31 

23 32 

62 38 * 

25 00 


The globulins of these two pulses were isolated and an analysis made of 
them by methods similar to those described m the previous parts The globulin 
preparations were cream coloured and gave all the colour tests foi proteins and 
contained sulphur, tyrosine and tryptophane The results of their elementary 
analysis, Van Slyke anatysis and the estimation of the essential ammo acids m 
them aie given m Tables II, III and IV respectively — 


Table II 



Phaseolus mungo 

Phaseol ts ladwlus 

Moistuie 

8 85 

8 63 

9 74 

0 60 

Ash 

0 45 

0 54 

0 48 

0 61 


Ash and r 

noisture freo 



Nitrogen 

15 68 

15 39 

13 82 

13 04 

Sulphur 

0 52 

0 48 

0 00 

0 07 
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Analysis of the globulin pi epanihons by the Van Style method {expressed as 

pel cent of total mtiogen ) 


Form of nitrogen 


GhOBVLlh or 


Phascalvs radialvs 

PliQS'iolu? mungo 

Acid insoluble melanin 

2 38 

2 16 

1 15 

1 24 

Acid soluble melanin (adsoibed by 

0 43 

0 71 

0 90 

OSO 

lime) 





Amide 

11 11 

IJ 06 

11 12 

11 51 

Diamino — 





Arginine 

14 85 

14 92 

15 90 

16 12 

Histidine 

7 14 

6 47 

2 48 

2 62 

, 

Cystine 

1 05 

0S8 

0 39 

0 41 

Lysine 

1 

S 12 

i 

1 

9 03 

| 

9 95 

9 17 

Mono annuo — 

i 

| 



Ammo 

i 

55 00 

1 

53 36 | 

53 62 

52 18 

Non ammo 

2 16 

1 

1 

C| 

CO 

Cl 

5 06 

5 67 




— 

— 

Total 

102 27 

101 21 

100 87 

99 78 

By dnect estimation 

Free amino 

N m the nativ 

o proteins 


4 37 

4 44 

i 8G 

4 99 

Naif lysine mtiogen 

4 06 

4 52 

4 98 

4 59 
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Table IV 


Expessed as pa cent of p olein (ash- and moisiu) e-free) 



Globulin or 

Ammo and 

Phaspolus 

rndialus 

Phascohis 

vtungo 

Lysme 

6 16 

7 70 

Histidine 

1 10 

1 10 

Arginine ; 

6 37 

7 90 

7 17 

8 SO 

Cjstme 

3 51 

1 50 

T\ rosine ( 

3 63 

3 35 

I 

3 87 

3 92 

Tn ptephane { 

0 80 

0 39 

( 

0 81 

071 

l 


* 

: 


Method 


Van SI} kc 

Plimmer and Roscdalc (1925) 
Remington (1930) 

Folm and Merenne (1929) 
Zuwerkalno (1920) 

Tillman and Alt (1925) 
Folin and Mnicnzic (1929) 


The above tables show that the globulin of Phascohis i admins has a low nitrogen 
content, but the percentage of sulphur m it is high and consequently its cystine 
content also 

For determining the biological values, the metabolic expeuments were carried 
out at a 10 per cent level of protein intake The modified type of Coonoor cage 
described m the previous paper was employed In Part I of this series, the 
biological values of the proteins of pigeon pea — Gajanus tiuhevs- — and field pea — 
Pisum aivense — were determined at a five per cent level of intake As these values 
m the case of the other pulses were worked out at a ten per cent level the metabolic 
experiments with these pulses weie repeated at the higher level for purposes of 
comparison In preparing the pulse protein rations, the flour of the decorticated 
seed was employed m all cases except that of Pisum arvense which is eaten whole 
The metabolism data are given in Tables V and VI The available or net protein 
values of these pulses calculated from their digestibility and biological values are 
given m Table VII 
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Table VII 


Pulses 

Total protein 

NX 0 25 

Net protein 
■. value 

Cajanus mdicus 

1 

25 63 

13 47 

Pisum arvense 

25 57 

1101 

Phaseolus mungo 

27 14 

1312 

Pliaseolus radiatus 

26 32 

13 81 


So far ten of the most common Indian pulses have been investigated and it 
will be interesting at this stage to compare the results of these investigations 
The comparative statements are given in. Tables VIII, IX and X Tables VIII 
and IX give respectively the Van Slyke analysis and ammo acid contents of the ten 
globulins In carrying out the Van Slyke analysis, the methods and conditions 
detailed out m Part I of the series, were strictly adhered to m all the ten cases, so 
that the results may be comparable In Table X are given the results of the meta- 
bolic experiments 

A study of the above tables reveals the following facts — 

Van Slyke and Birchard (1911) have suggested that one of the ammo groups of 
lysine is free and furnishes a large part of the free ammo nitrogen m a protein This 
seems to hold good in the case of all the ten globulins investigated as m each case 
the free ammo nitrogen very nearly corresponds to half its tysine nitrogen content 

The non-basic non-ammo nitrogen of Ghee? anetinum globulin is very low 
It may perhaps be due to its poor content of prolme all of whose nitrogen is in the 
non-ammo form 

Cajanus mdicus globulin seems to possess less basic nitrogen than the others 
This is accounted for by its low arginine content Cice? anetinum and Lens esculenta 
globulins are the richest m their arginine content being very nearly double that of 

Cajanus mdicus As a consequence these two globulins contain higher amounts of 
basic nitrogen 

Phaseolus radiatus globulin contains 3 51 per cent cystine which is much highei 
t an the average cystine content of the other globulins which ranges between 1 24 
per cent ( Dohchos bifloi us) and 2 02 per cent (dice? anetinum) 
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Table X 


Pulses w) mnged m the ascending oidei according to 


Digestibility of the protein 

Biological value of the protein 

Net protein % aluc of t'io pulse 


Per cent 


Per rent 


Per cent 

Ytgna cnljang 

r>8 

Dohchos labial' 

">7 

Phaseolus aeonitijohus 

9 04 

Phaseolus acomtifolivs 

59 

i Phaseolus aeon it i John <? 

1 

57 

Dohchos bijloi ns 

10 43 

Dohchos bijlorus 

59 

Lens csrulenta 

58 

Dohchos lablab 

10 05 

Dohchos lablab 

05 

Phaseolus mungo 

00 

Ytgna cnljang 

10 80 

Pisuvi mvensc 1 

1 

70 

Pi sum anense 

02 

1 

Pi sum an ruse 

j 

n lo 

Cajanns indicus 

71 

Phaseolus rathalns 

Of 

Lon csciilcnta 

i 

12 80 

Cicer ariehnum 

70 

Dohchos biflorus 

07 

Cajnnns tnihcvs 

13 47 

Lens csrulenta 

78 

Yigna catjang 

72 

Phasrohis nuhalus 

13 81 

Phaseolus rathalns 

82 

Caj anus mthrus 

71 

Phaseolus mungo 

13 82 

Phaseolus mungo 

« 

Cicer auctnnnn 

78 

Cicer artchnvm 

10 6S 


Rote — Except in the cases of Ytgna cnljang Phaseolus arcmilifolnt s, Dohchos hiforns and Pision 
arvense, the flour of the decorticated seeds were u=od for the feeding experiments In the other case® 
the seed coats Mere not removed as tlicj are gcnenlh eaten as such 


In estimating; tjrosme by the method of Zm\ erkalao much difficult! was 
experienced dining colour companson owmg to the foimation of slight quant it\ of 
precipitates in the unknown solution If the precipitate is filtued oft the t^rosme 
value is lowered as some coloiu is mvTrnFolT'T^^ pxecipitatc If it is 

retained, the value is enhanr. d b\ the cloudiness pioducecr !a, fe g l]n) i Y m tllC 
estimation of tryptophane, it was found difficult exactly to match the pale ~ cl low 
colours obtained m the method oE Tillman and Alt So m both cases it is pieferahle 
to take the values obtained by the method of Folin and hfarcn/ie to be the more 
trustworthy The globulins of the pulses of the Phaseolus genus seem to be richer 
m their tryptophane content Dohchos bifloius, howc\ er, is an exception j ds 
tryptophane value being moie than that of the othei globulins 

In Table X the pulses are anangcd in the ascending older according to 
biological values and digestibilities of then piotems (columns 1 and 2) Column 
3 gives the net available protein content m cacli pulse These t allies wcie obtained 
with diets containing approximately 10 per cent of the protein from the several 
pulses, Cicei ai lelmuin piotems which nic considered to be very nutritious possess 
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the highest biological value It might be noted here that this legume is the most 

widely cultivated of all the Indian pulses 

Among the pulses belonging to the Phaseolus genus, the proteins of Phaseolus 
acomtifohus are poor both m then digestibility, as well as m their biological value 
Hence it occupies the lowest place when the pulses are arranged according to their 
net available protein contents The piotems of the other two pulses of this genus 
- aie much better, their digestibility being even higher than that of Chcei anetmum 
The total protein content of pulses m general is about 25 to 28 per cent The 
available protein, on the other hand, is much less On the average only about 50 
per cent of the total piotems m pulses are available for the building up and repair of 
tissues in the body 

It is of fundamental importance at this stage that we should recognize the 
limitations of the expenmental methods we have employed for finding out the 
biological values The nutritive value of a protein depends not only on its ammo- 
acid make up, but also on the unknown biological factors that determine its 
utilization m the process of repair and growth When a young animal is fed on a 
diet deficient m any respect, it makes use of the food as best as it can under the 
circumstances Animals differ greatly m the degree of vitality with which they 
are born, and this is a variable factor which, to a certain extent, influences their 
ability to utilize the food faulty m any respect In this way we can account for the 
variation m the biological values obtained with two different groups of rats or even 
with a group of rats belonging to the same litter 

In the second place, the biological values obtained as a result of feeding an 
animal with different pulse grams do not necessarily represent the nutritive value 
of the proteins only since the seeds contain non-protein nitrogenous substances as 


well The latter are not probably alike m quality and quantity m any two pulse 
grams and it has not been possible either to isolate from any seed a preparation 
which contains its total proteins in the proportion m which these naturally occur m 
the gram, or to determine exactly the amount of protein consumed by the experi- 
mental animals when fed on the entire grams 


Thirdly, the crude fibre content of the pulses vary and form another factor 
influencing the lesults Mitchell and Carman (1926) have shown that the fgecal 
nitrogen increases with the amount of crude fibre eaten Tor minimizing this error 
it is proposed, m future, to keep the crude fibre content of the protein and non- 
protem rations as nearly the same as possible 

FmaUy, there was noticeable, m many cases, a distinct loss of appetite in the 
animals experimented upon, m spite of the small quantity of dried yeast given them 
tins was more pronounced during the periods of non-protein feeding and was not 
m holly absent during the periods of protein feeding This state of things can be 
emedied by increasing the quantity of yeast m the diet But, it would result m 
introducing a large quantity of nitrogen ivhose efiect „„ the hological vie “ 
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unknown and wlncli is not taken into account m calculating the metabolism data 
Attempts are being made to get ovei this difficulty by using vitamin concentrates 
from yeast instead of whole yeast 


Summary 


The globulins of two Indian pulses — Phaseolus ntdialus and Phaseolus 
mungo — have been isolated and analysed 

The biological values and digestibilities of the proteins of Phaseolus taihaius, 
Phaseolus mungo, Cajamis milieus and Pisum aivcnse have been determined by 
Mitchell’s method at a 10 per cent level of intake From these values the net 
available protein contents of the pulses have been calculated 

Comparative statements are given of the analyses of the globulins of ten of the 
most common Indian pulses and also of the results of the metabolic experiments 
with these pulses It is found, on an average, that only about 50 per cent of the 
total proteins m these pulses are available for the processes of growth and repair 
in the animal body 

The possible sources of error in such experiments are discussed and remedies 
suggested 


Folin and Maren7ie (1929) 
Mitchell and Cabman (1920) 
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PROTEIN GRAPHS IN SYPHILIS WITH THEIR RELATION 
TO THE WASSERMANN REACTION 

BY 

Lieut -Colonel R B LLOYD, m a , mb, b chir , ims, 

Impenal Serologist 

(Research financed by a grant fi om the Indian Reseat ch Fund Association) 
[Received for publication, November 23, 1931] 


Introductory 

Having investigated m a somewhat detailed manner the serum protein changes 
which occur m kala-azar and having shown by graphs the way m which these react 
to specific antimony treatment (Lloyd and Paul, 1928, Lloyd, Napier and Paul, 
1929) we naturally tinned to the case of syphilis m which disease protein changes 
occur which are believed to be the basis of some of the simpler tests used m its 
diagnosis, e g , Nonne’s test 

The graphs included m the first part of this paper weie all taken from definitely 
diagnosed cases of active generalized syphilis m the ‘ secondary ’ stage The 
patients were all females m the Voluntary Lock Hospital, Calcutta All showed 
typical clinical signs of secondary syphilis and a positive Wassermann reaction 
Several of them were also suffering from gonorrhoea which we believe to be 
without influence on our results 


Brief discussion of method 

All the piotem fiaction estimations herein recorded have been made by the 
lefiactometric method The terms ‘ euglobuhn ’ and ‘ pseudoglobulm ’ have the 
same significance as m our previous papers The protein fractions which we have 
sepai ated by fractional piecipitation with ammonium sulphate and which we have 
designated ‘ albumin ‘ pseudoglobulm ’ and 1 euglobuhn ’ are of course not pure 
substances each containing something of the others It may, therefore on o V )wn 

( 1055 ) 7 
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grounds be asked how far quantitative variations of such fractions can form the 
basis of conclusions of clinical application It is nevertheless the fact that by 
adhering to a fixed procedure of piecipitation comparative results of considerable 
clinical value aie obtained A necessary prelim mar}' is the determination of the 
noimals by the method employed It is very possible that the noimals determined 
by us foi human serum and which have been published in previous papeis have no 
rigid accuiacy It is even possible that theie arc no absolutely fixed noimals 
for these protein fractions m the sense of values independent of the method of 
piecipitation 

We have, for example, been able to show that the changes undergone by these 
fiactions undei the influence of treatments specific foi the disease m question may 
be expressed by graphs of fixed type, that m kala-a/ai the potency of different 
treatments as suggested by the graphs is m accord with cluneal experience, that 
disturbances on the graphs are associated with variations from the usual prognosis, 
that indications are provided whethei furtliei treatment should be given 01 
withheld, and that the point of cine indicated by the graphs is the point of 
extinction of the gel reaction with formalin As will be seen later m this papei 
an important association with the Wasseimann reaction in syphilis has been 
established It is claimed, therefore, that the variations determined m the 
protein fractions thus piepared represent factois of fundamental pathological 
importance 

We have repeatedly obseivod that the values obtained by parallel Kjeldalil 
estimations of the fractions precipitated by anh) drous sodium sulphate agree very 
closely with those obtained refractometncally after piecipitation of the fractions 
by ammonium sulphate For the Iv] eld aid estimations 30 c c of 14 per cent 
anhydrous sodium sulphate solution weie added to 1 c c of serum (precipitation of 
euglobulm), and 30 c c of 22 2 pei cent anhydrous sodium sulphate solution were 
added to 1 c c of seiurn (precipitation of total globulin) following the v ork of 
Howe (1921) For the refractometric deteimmations the euglobulm and total 
globulin were piecipitated by 33 pei cent and 50 pei cent saturation respectively 
of ammonium sulphate Had the above concentrations of anhydious sodium 
sulphate been adjusted by Howe so as to produce the same quantitative fractions 
as those yielded by ammonium sulphate m the above proportions the agreement 
between the two sets of results, which would be a necessary consequence, would 
be of no special interest But the fact is quite otherwise These concentrations 
of anhydrous sodium sulphate were airived at by Howe as those producing critical 
zones of piecipitation In these circumstances the close agreement of the two sets 
of figures obtained by using different protem piecipitants and entirely difierent 
methods of estimation is of great inteiest Incidentally it appears to us to 
dispose of criticisms which have been made as to the accuracy of the lefractometnc 
method 
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Literature 

A study of the liteiature on the protein changes m syphilis shows that in spite 
of much experimentation reports based on quantitatively estimated changes of the 
protein fractions of the blood serum are for the most part vague It has, of couise, 
'been known m a general way foi a long time that the globulins in the syphilitic 
serum aie increased, though tests based on this mciease are not oidmanly used m 
clinical medicine This is m sharp contrast to the use of various tests such as those 
of Nonne-Appelt, Pandy, etc , to determine the existence of an unestimated increase 
of globulin in the cerebro-spmal fluid As the percentage of protein m normal 
cerebro-spmal fluid is only a mere tiace [25 mg per 100 c c according to the recent 
work of Denis and Ayei (1920)] a definitely positive qualitative reaction with the 
various protein precipitants is sufficient evidence for clinical purposes of a 
pathological mciease m the ceiebro -spinal fluid and quantitative estimations 
aie not usually called for Tests such as these are not applicable to blood 
serum which under normal conditions contains approximately 3 per cent of 
• glob ulin This is 120 tunes the total protein content of the normal cerebro- 
spmal fluid 

The well-known Klausner phenomenon, like the somewhat similar later test of 
JBrahmaehan (1917) for the kala-azar serum, is presumably due to an mciease 
of the serum globulin, though Klausner himself (1908) attiibuted it to the 
formation of a lipoid compound It is not surprising therefore that it was 
found not to be peculiar to syphilis and therefore without special value m 
diagnosis 

Elias, Neubaner, Poiges and Solomon (1908) thought that the globulins weie 
present m greater amount in syphilitic serum than m normal serum Spieglei 
(1908), howevei, leported a marked diminution of globulin which had no relation 
to tieatment or any clinical factor These papeis are not available in ougmal, but 
the latter result is quite unlike those obtained by other woikers Noguchi (1909) 
found an increase of the serum globulin m untreated oi slightly tieated cases of 
primary and secondary syplnhs 

Rowe (1916) employing the refraetometnc method found an increase of the 
serum globulins m syphilis Tokuda (1921) also found a marked increase of the 
globulin m syphilis more particularly m active secondary cases Scluff and Rosei 
(1920), Bircher and McFarland (1922) and Schmidt (1911) found similar results 


Our own results 

The p olein fractions %n scconduiy syphilis 

The following table shows the values obtained by us for the various protein 
fractions m 11 cases of active secondary syphilis 
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Table 


Senim m secondary syphilis ( Indians ) (fan ales) 
Results expressed m grammes per 100 c c of serum 


Albumin 

Total 

globulin 

Euglobulm 

Pseudo 

globulin 

Total 

protein 

Globulm/albumm 

ratio 

3 502 

4 122 

1 351 

2 771 

7 624 

1 179 

3 003 

3 414 

1 897 

1 517 

6 417 

1 136 

3 451 

4 256 

1 391 

2 865 

7 707 

1 233 

3 502 

4 122 

1 756 

2 366 

7 624 

1 179 

3 571 

3 802 

0 827 

2 975 

7 553 

1013 

3 175 

4 373 

1 139 

3 234 

7 54S 

1 377 

3 253 

3 665 

2 000 

1 665 

6 918 

1 126 

2 781 

3 061 

1923 

1 13S 

5 S42 

1 100 

3 327 

3 813 

0 917 

2 896 

7 140 

1 148 

3 817 

4 217 

1 037 

3 ISO 

S 034 

1 104 

3 057 

4 780 

1 927 

1 

1 

2 853 

7 S37 

1 563 


It will be seen from tlie table above that tbe total serum piotem figure m 
secondary syphilis is usually about the same as that of normal serum, viz , 7 5 
grammes per 100 c c The great change from normal serum is that the globulin 
has undergone a large increase at the expense of the albumin which has undergone 
a large decrease Also the euglobulm lias undergone an enormous mciease, as 
much as tenfold m some cases The great increase of the globulin at the expense 
of the albumin produces a marked increase of the globulin albumin ratio to a point 
far above the normal figure of approximately 0 64 These changes are exacth 
the same as those seen in kala-azar IVe propose to show these changes and the 
effect of specific treatment thereon by means of graphs as has been done m our 
previous studies m kala-azar, typhoid fever and malaria The treatment given is 
shown at the foot of each graph It wall be observed that the treatment consisted 
in three cases of N A B and mercurol 1 ', in one case of quinine lodo-bismuthate 
and m one case of N A B and bismuth (metallic suspension) 


A preparation of mercury nucleinate manufactured bj Parke, Dnus A Co 
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fjraph 1, which is typical of many such graphs which we have obtained and 
which is not a composite, shows the p.otem changes which characterize an attack 
of early generalized syphilis in the so-called ‘ secondary ' stage and the mode o 
reaction of these protein fractions to specific treatment It will at once he seen 
that it bears a striking general resemblance to the graphs illustrating the protein 

The form of the gi aphs 
Graph 1 


GRAMMES PER 
lOOCCSERUM 



changes which occur during an attack of kala-azar As it is moie convenient to 
describe these changes occurring m syphilis m terms of the still more stalking 
* graphs obtained m the study of the serum piotems m kala-azai, we would 
request the reader to refer to the standard kala-azar graph published opposite 
page 531 of the Indian Journal of Medical Research for October 1928 A 
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glance shows that the syphilis graph follows the same general course before 
treatment and exhibits the same type of response to treatment The chief 
features are as follows — 

(1) In the untreated case of secondary syphilis the total serum protein figure 
is much the same as that of normal serum, but the albumin and total globulin have 
changed places, the position again to be leveiscd undei specific treatment with the 


Graph 2 

GRAMMES PER 
100 QQ SERUM 



production of the typical X crossing The same featuics aic shown by the kala- 
azar giaph 

(2) As m kala-azai the graph is definitely divisible into two parts During 
the first stage the stabilization of the albumin and total globulin at their normal 
values takes place and m consequence the globuhn/albumm ratio falls to normal 
During the second stage the albumin and total globulin values remain steady while 
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tie pseudoglobnlm progressively increases at tie expense of tie euglobulm There 
is not m sypiiis tie sudden drop m tie pseudoglobnlm and total globulin values 
which is so characteristic m kala-azar immediately treatment is commenced Ti 
result of this is that tie pseudoglobnlm and euglobulm curves do not intersect 
Tie upward trend of tie pseudoglobnlm and corresponding downward trend of the 
euglobulm can nevertheless be made out as commencing at about tie point ot 

n n a r>rr S 


GRAMMES PER 
100 CC SEKUM 



Days 

stabilization of tie albumin and total globuin values, though not with tie same 
. distinctness as m kala-azar 

(3) Tie second stage is only entered m syphilis at about tie 48th day of treat- 
ment, i e , approximately twice as long as m a well-estabhshed case of kala-azar 
under treatment by neostibosan 

(4) It will be observed that as the first piotem phase m secondary sypiiis 
gives place to tie second on tie 48th day the Wassermann reaction changes from 
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positive to negative Tlie Wasseimann leaction was strongly positive on the 
41st day By the 48th day it had weakened to ‘ modciately positive ’ On the 
53rd day it was still ‘ modeiately positive 5 and li 3 r the 62nd day it had become 
negative 

This grapli is quite typical Here the second stage commences on the 68th day 
of treatment and this was the day on which the Wassermann reaction became for 


Gbaph 4 

grammes per 

100 CC SERUM 



the first time negative The changes m the Wasseimann reaction took place 
between the 54th day and the G8th day It had faded to ‘ veiy weakly positive ’ 
on the 61sb day An interesting feature is that the euglobulm is extremely high 
and yet the Wasseimann reaction was nevei strongei than * modeiately positive ’ 
Also, while the euglobulm fell by the 54th day of treatment to below 0 5 or 
approximately to one quarter of its value before treatment, the strength of the 
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Wassermann reaction remained unchanged The slowness of the entry into the 
second protein phase in this case is of interest m connexion with the treatment 
given This contained no arsen c 

In this case the Wassermann reaction was strongly positive up to the 41st day 
when it began to weaken, being moderately positive only on the 48th and 55th days, 
very weakly positive on the 62nd and 69th days, becoming negative for the first 


Graph 5. 

GRAMMES PER 
lOOcc SERUM 



time on the 76th day It will be <een that these changes occurred as the first 
protein phase was passing into the second at about the 55th day A relapse of the 
Wassermann reaction to moderately positive had occurred by L 97th and 103nl 
days Observation on the 103rd day also showed that a slid/™* an( l 103 rd 
had occurred which is perhaps not without significance? § ^ 
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In Graph 4 the stabilization of the albumin and total globulin figures is gradua 
but it had been effected by about the 55th day The typical divergence of th 
pseudoglobulm and euglobulm occurs rather earlier than usual The positiv 
Wassermann reaction, as usual, passes into negative approximately at the point o 
final stabilization of the albumin and total globulin The change m the Wasserman: 
reaction was comparatively abrupt m this case, the reaction having been strong! 

Graph 6 


GRAMMES PER 
100 CC SERUM 
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positive on the 55th day becoming negative on the 62nd day It remained negative 
subsequently 

In this case the total serum protein is low, the euglobulm being high while the 
pseudoglobulm is unusually low As before, the positive Wassermann reaction 
changes to negative as the first protein phase passes into the second at about the 
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48tli day The Wassermann reaction was strongly positive up to the 48th day It 
had weakened to moderately positive by the 55th day, becoming negative on the 
62nd day It remained negative subsequently Graph 6 was taken from a very 
hysterical patient with secondary syphilis to whom, during the period m which 
the graph was taken, no treatment was given Nevertheless a slight movement 
of the total globulin and albumin occuned towaids normality The euglobulin 
figure is low (0 82) On the othei hand the Wasseimann reaction remained strongly 
positive throughout 


Discussion 

(1) The effect of treatment —In our work on kala-azai we suggested that the 
speed of onset of the second piotein phase might serve as an index of the efficiency 
of the treatment given In well-established cases of kala-azar treated with neo- 
stibosan this usually takes about 24 days In syphilis our graphs show that it takes 
48 days oi longer While we have not as yet had the opportunity of comparing the 
effect of widely different antisyphilitic treatments on the protein fractions, the cases 
graphed m this paper were treated m three instances with NAB and mercurol, 
in one instance with quinine lodo-bismuthate and m one instance with NAB and 
bismuth (metallic suspension) These may be taken as fairly representative of 
modern antisyphilitic treatments On this basis we should conclude that the 
treatment given m the case of syphilis shown m Graph 1, which was a total of 3 45 
grammes of N A B divided into mue infections and eight infections of 1 c c each of 
mercurol, is considerably less effective than a total of 2 3 grammes of neostibosan 
divided into eight infections when used m a well-established case of kala-azar, 
even though m the latter case we are dealing with a disease m which the incubation 
period is probably very much longer than that of syphilis It will also be obseived 
that the one case of syphilis treated with quinine lodo-bismuthate took consider- 
ably longer to enter the second stage than those treated -with N A B and 
mercurol 

If the reader will turn to page 1080 of the Indian Journal of Medical Research 
for April 1929 he will find figured a graph showing protein changes which are entirely 
typical of syphihs The graph is actually taken from a case of kala-azar under 
treatment by sodium antimony tartrate The mam differences shown by the older 
remedy m kala-azar as compared with the effect of neostibosan are the slower 
entrance into the second protein phase and the entire absence of the sudden fall 
m the pseudoglobulin so characteristic of the modern anti-kala-azai remedies We 
may m fact describe the typical giaph of a case of secondary syphilis under a modern 
antisyphilitic treatment as being the same as that obtained when a case of kala- 
azar is treated by sodium antimony taitrate, m that the dramatic fall of the pseudo- 
globulin produced by neostibosan m lcala-azai is absent from both It would seem 
therefore to be suggested that the new remedies m syphilis, though an immense 
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improvement on anything available before, are possibly not more efficient than the 
oldei treatment of lrala-azar, and that the marvellous results produced to-day by 
neostibosan m lrala-azar are not approached by the antisyphibtic courses given 
m the cases examined It would seem to follow that there is much room for search 
for more effective antisyphibtic drugs Theie are no doubt essential physico- 
chemical differences m the seium in syphilis and lrala-azar since the one pioduces a 
positive Wassermann reaction while the other does not, but failing a better guide 
it would seem that a search for a drug which would give in syphilis that sudden 
blow to the pseudoglobulm, so characteristic of the effect of neostibosan in lrala- 
azar would be worth undertaking 

The impiession produced by a comparison of the piotem graphs in these two 
diseases that the treatment of lrala-azar by pentavalent antimony compounds 
is considerably superioi to the treatment of syphilis by tuvalent arsenic compounds 
is abundantly confiimed by clinical observation The modem treatment of syphilis 
is still far from satisfactoiy m certain respects, more particular!} m the length of 
treatment required On the other hand we have m neostibosan a ding which by a 
series of injections compressed into one week can effect a cuie m ovei 90 per cent 
of cases of kala-azar While we are still very much m the dark as to the mode of 
action of these specific drugs, it would seem probable from the study of the graphs 
that the mechanism of cure both m syphilis and kala-azar is bound up with the 
ultimate conversion of more and more of the euglobulm into the water-soluble 
form (pseudoglobulm) This process apparently must be preceded by a normal 
protein ratio which is brought about by the stabilization of the albumin and total 
globulin fractions at their normal values, an important feature of which appears to 
be the conversion of pseudoglobulm into albumin 

As regards the question as to whether diseases of this type should invariably 
be treated at the earliest possible moment, the joint clinical and serological study 
of kala-azar by Napier and ourselves rather suggested that m the absence of acute 
symptoms there need be no hurry to commence tieatment m that disease and that 
waiting might even impiove the prognosis It seemed to us possible that the 
globulin rise in kala-azar was m some sense a defensive process which might assist 
the subsequent response to medication In syphilis, on the other hand, the opinion 
of the very large majority of clinicians is that treatment should be commenced 
at the very earliest moment the diagnosis is definitely made, though not of course 
before General experience seems to show that ‘ sero-negative ’ cases of syphilis, 

1 e , those m which tieatment is commenced before the Wassermann leaction has 
had time to become positive, give the best results, and it is accepted clinical teaching 
that if the Wassermann reaction can be kept negative for the first year the outlook 
is usually good It is also well known that old cases with a positive Wassermann 
reaction even without visible lesions usually have an unfavourable ending caused 
by visceral lesions, e g , aortitis Closely connected with this matter is the question 
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whether the action of specific drugs is direct on the parasites or indirect by means 
of body resistances Hazen is alone among leading syphilologists m believing 
that the Wassermann-positive cases show better end-results than the sero- 
negative ’ cases This opinion may yet be brought into line with Tamguchi’s 
view '(1924) that the positive Wassermann reaction is an immunity response against 
a lipoid antigen 

It will be seen from the graphs that the positive Wassermann reaction passes 
into the negative reaction as the first protein phase passes into the second This 
is an important matter which will be referred to again later 

(2) The existence of pi otem fi actions m the living blood — We have spoken above 
of the process of cure m syphilis as being connected with a progressively increasing 
proportion of the total globulin assuming a water-soluble form (pseudoglobulm). 
This implies the existence of these protein fractions m the living blood It is 
necessary therefore to state that according to the views of certain workers, e g , 
Svedberg and Sjogren (1928) the fractions euglobuhn and pseudoglobulm have no 
existence m the living blood, being only laboratory products This is an obscure 
question, but if this view be accepted it is clear that we must regard the change we 
have detected during the stage of cure both m syphilis and kala-azar as a change 
m an assumed homogeneous colloidal solution of globulin whereby it becomes less 
and less precipitable by ammonium sulphate or other similar electrolyte m con- 
centrated solution The corollary of this view would appear to be that m a disease 
like syphilis the degree of dispersion m the colloidal solution is reduced by a 
coalescence of the smaller particles (albumin) to form the larger complexes 
(globulin) On this view one would expect that the amount of protein thrown 
out of solution by protein precipitants m fixed proportion (e g , ammonium 
sulphate to 33 per cent saturation) would be greater from the syphilitic serum 
than from the normal, the early stages of flocculation having really occurred 
m mvo On the other hand, the immunological evidence of the existence of 


these fractions is strong Thus Hektoen and Welker (1924) successfully prepared 
precipitin antisera against euglobuhn and pseudoglobulm from many different 
sources Each of these antisera reacted specifically with its homologous protein 
fraction, and, what is essential to our discussion, reacted also with the whole 
serum from which the protem fractions were derived This observation would 
be accepted by all immunologists as sufficient proof that the antigen m 
question exists m the solution under test The presence of the protem frac- 
tions is therefore demonstrable m whole serum to which no protein precipitants 
have been added The fractions thus retain their antigenic independence m the 
serum Dale and Hartley (1916) arrived at somewhat similar conclusions and 
showed that each of the three proteins separable from horse serum bv their 
physical and chemical properties-euglobulm, pseudoglobulm and albumin-can 
act as an anaphylactic antigen can 
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Landsteiner and Doerr take up a position intermediate between these two 
views m statmg their opinion that small chemical differences exist between the 
single protein fractions, though they qualify their statement by adding that a 
transition c fliessende Uebergang ’ takes place between the single fractions 

In a previous paper we put forward the view that the pseudoglobulm is the 
pivotal centre of a system m which (a) during the development of the disease 
pseudoglobulm is converted into euglobulm, (b) that during the first protein 
phase initiated by treatment pseudoglobulm is converted mto albumin, and (c) 
that the second protein phase induced b} 7 treatment is a process of conversion of 
euglobulm mto pseudoglobulm There would apparently be no difficulty m 
accommodating this conception m the scheme of things visualized by Landsteiner 
(3) The connexion between the Wassermann leaciion and the piotein phases in 
syphilis — This paper is not concerned with the ultimate cause of the Wassermann 
reaction We therefore do not propose to refer to the vast amount of experimenta- 
tion which has been undertaken to discover its nature, the more so as these researches 
have been somewhat inconclusive We propose to limit ourselves here almost 
entirely to a discussion of the time relations of the Wassermann reaction vis-d-vis 
the protein changes, and certain consequences which appear to follow The graphs 
show that in secondary syphilis the positive Wassermann reaction changes over 
to negative as the first protein phase passes mto the second It would appear, 
therefore, that there is some association of a quantitative nature between the 
Wassermann result and the protein fractions Several of the graphs show that 
it is not the absolute value of the euglobulm which determines the outcome of a 
Wassermann reaction Since the pseudoglobulm and euglobulm curves pursue 
opposite paths during the second piotem phase, we examined the quantitative 
relation between these two fractions at the commencement of this phase without 
finding any correlation The second protein phase implies by definition that the 
stabilization of the albumin and total globulin at their final norfnal values has 
already occurred, though at its commencement the total globulin contains much 
more euglobulm and correspondingly less pseudoglobulm than does the globulin 
of the normal serum A study of the graphs shov s that the change m the Wasser- 
mann reaction takes place as the total globulin and albumin stabilize themselves 
at their final values At the commencement of the second phase we thus find a 
normal/globulin albumin ratio and a negative Wassermann reaction As the change 
m the Wassermann reaction from positive to negative precedes the protein changes 
characteristic of the second phase — the process by which a progressively increasing 
proportion of the globulin becomes water-soluble — it is therefore not dependent 
thereon The graphs therefore suggest that it may be the rise of the albumin to 
its normal excess over the globulin which extinguishes the Wassermann reaction, 

1 e , that the albumin acts as a check inhibiting the mutual precipitation which 
takes place between the antigen and the syphilitic serum m the first stage of the 
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positive Wassermann reaction As stated, the cause of the positive A assermann 
reaction is not definitely known The view of Fnedemann (1910) tliat the factoi 
responsible is a globulm-soap compound towards which the serum albumin is 
antagonistic has many adherents Schmidt (1911) believes the positive reaction 
due to changed reaction powers of the globulins m syphilis whereby they display 
enhanced affinity for the colloids of the antigen, this action being held m check by 
the albumin which in syphilis is reduced 

It will be seen that the conclusions directly deducible from the graphs are m 
accord with the above views of Fnedemann and Schmidt If our view of the 
dependence of the Wassermann result m syphilis upon the protein phase is correct, 
it follows that we cannot have a positive Wassermann reaction m a syphibtie serum 
with a normal protein ratio 

Since m tertiary syphilis it is the rule to find a positive Wassermann reaction 
and these positive reactions may sometimes be obtained m cases which have pre- 
viously been rendered Wassermann-negative by specific treatment, it would be of 
great interest to examine whether the protein ratio has relapsed m association with 
the relapse of the Wassermann result We have not as yet had any opportunity 
of determining this point As distinct from Wassermann relapses m properly 
treated cases there is naturally no opportunity of following cases which have been 
neglected from the first right up to the point where tertiary lesions are seen In 
view of the well-known obstinacy of the positive Wassermann reaction m neglected 
cases, the possibility exists that the treatment was not sufficiently effective to 
induce the onset of the second protein phase If my view of the invariable associa- 
tion of the first protein phase with the positive Wassermann reaction and the 
second protein phase with the negative reaction is correct, old Wassermann-fast 
cases of syphilis should invariably show an abnormal protein ratio If this proves 
to be so, the term Wassermann-fast will acquire a greatly increased significance 

To test this view further we examined the protein fractions m six old tertiary 
cases to ascertam (a) if they were m the first protein phase, even though, were 
this the case, we could not tell from the impossibility of continuous observations 
whether they bad at one time been m the second phase and had relapsed, or whether 
they had owing to the absence or insufficiency of treatment always been m the 
first phase , (6) if the protein fractions reacted to treatment m the same maimer 
as those of the secondary cases, and (c) if the same association with the Wassermann 
reaction held good 


For the sake of brevity we will omit full clinical details of these old cases but 
they were eases of (1) obviously syphilitic perforation of palate-no history of 
syphilis, (2) extensive gummatous periostitis of tibia-syphihs 18 years w, m 
g™™h*d ademte-sypM^B 6 years ago, (4) extensive and active tertiary lions 
lG S ^ m sy P lnlls 1/ y eaTS a g°> (5) gumma of sternum— syphilis 30 vear* 

(6) gumma of nose-sypinbs 15 years ago Ail, except tire last who Irad received' 
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efficient adequate treatment shortly before we commenced observations, had a 
strongly positive Wassermann reaction 

We show here two graphs (Graphs 7 and 8) to illustrate the protein fraction 
condition m the old tertia’ry cases It will be seen that before treatment both 
are m the first protein phase since the globuhn/albumin ratio is above normal, 
and that under treatment exactly the same sequence of changes occurs as m 
the secondary cases, the positive Wassermann reaction passing into negative 
as the first protein phase gives place to the second In Graph 7, which was taken 
from a case of gumma of sternum (syphilis 30 years ago), the albumin is, unlike 
the condition m the untreated secondary case, higher than the globulin Under 
treatment the albumin rises still further while the globulin falls, the normal 
globulin/albumin ratio being reached on the 28th day of treatment 

In Graph 8 which was taken from a case of extensive gummatous periostitis 
of tibia (syphilis 18 years ago) the globulin is still slightly higher than the albumin 
and the X crossing is just visible Under treatment the normal globuhn/albumin 
ratio and the negative Wassermann reaction are reached on the 42nd day As 
shown m the graphs the treatment given to these two old cases consisted of mtra- 
gluteal injections of sulpharsenol and casbis'" This treatment proved remarkably 
effective 

Graphs 7 and 8 show that these tertiary cases were before treatment m the 
lattei part of the first protein phase 

The limitation of the positive Wassermann reaction to the period of the first 
protein phase thus holds good for the old cases as well as for the eaily ones The 
whole of the second protein phase is therefoie a post-Wassermann phase of protein 
abnormality It follows that by means of the protein fiaction graph we can see 
further into the syphilis patient under treatment than is possible by means of the 
Wassermann reaction Graph 8 shows this particularly well This immediately 
raises the question as to whether there is a pre-Wasseimann stage of protem abnor- 
mality in syphilis Up to the present we have not been able to obtain much 
information on this point This is a mattei of very great practical importance m 
connexion with early diagnosis The Wassermann reaction frequently does not 
become positive m less than six weeks after infection, and if the practitioner has to 
deal with a sore of suspicious origin in winch the treponema has not been found 
he is placed m a position of some difficulty, since lie wishes to start the treatment 
as early as possible but not on a doubtful diagnosis If a pre-Wassermann phase 
of protein abnormality exists it could be utilised as a means of differentiating an 
infecting sore from others, and would m this way be of great service This question 
will be examined later 


* An emulsion of activated bismuth hydrate containing 0 1 g bis nut h m one c c manufactured 
by T 6 Earbenindustrte, Leverkusen. 
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If further experience should confirm our present views it seems that we may 
perhaps m the latex examinations of the blood of a syphilitic be able to substitute 
with advantage the refractometric determination of the protein fractions for the 
more complex procedure of the Wassermann reaction No protein fraction estima- 
tion can decide whether a case is one of syphilis or not, since the high globulin first 
phase of syphilis is met with in kala-azar and probably m other conditions Once 
however the case is definitely diagnosed to be one of syphilis by a combination of 
clinical signs and a positive Wassermann reaction, its progress unddr treatment 
during the later stages may probably be just as well gauged bj r the direction of the 
pseudoglobulm and euglobulin curves as by the Wassermann reaction We have 
suggested above that, as an index of progress under treatment and final cure, the 
protein fraction determination may prove to be the more delicate test of the two, 
since the graphs show that there is a final stage in which the assumed protective 
action of the albumin is in full operation, as shown by a normal globulin /albumin 
ratio and a negative Wassermann reaction, yet an abnormal quantitative relation 
still exists between the pseudoglobulm and cuglobulm The above considerations 
do not imply that the sole cause of the positive Wassermann leaction in syphilis is 
to be found m protein fraction changes, since those found m kala-azar are practically 
the same In view of this we considered it impoitant to examine the Wassermann 
reaction m kala-azar, and we published the results of examination of the large 
series of 474 cases (Lloyd, Napier and Mitia, 1930) These showed no evidence 
that kala azar is a cause of a positive Wassermann reaction It seems clear 
therefore that quantitative changes in the piotem fractions m a non-syphilitic 
disease will not alone geneiate a positive Wassermann reaction It does, however, 
appeal to be the case that, given the special circumstances met w ith m syphilis, the 
quantitative relations between the piotem fractions determine the Wassermann 
result 

The idea also suggests itself as to wdiethei w T e may not fiom consideiation 
of the protein fraction changes throw at least some light on the positive 
Wassermann reactions which are reported by certain workers to occur m 
malaria by the use of certain Wassermann techniques We cannot tell 
whether the special circumstances found in the syphilitic serum may not 
obtain to a limited extent m other diseases We have, however, elsewhere 
shown that, while the globulin m malaria undergoes but little quantitative 
change, the albumin is markedly reduced (Lloyd and Paul, 1929) If the 
albumin acts as a mechanism antagonistic to the positive Wassermann reaction, 
we might expect that given the preliminary essential seimn change, there would 
be a positive Wasseimann reaction m malaiia We do not by the use of our 
own Wassermann method find any positive Wassermami reactions m malaria 
(Lloyd and Mitia, 1926) othei than those definitely attributable to concomitant 
syphilis, and we regard leports of such positive reactions m malaria as an indication 
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of the use of over-sensitive techniques which ate contraindicated m the tropics 
where the exclusion of positive fixations due to malaria is an essential control 
No reports are available as to the Wassermann reactions of typhoid fever and kala- 
azar sera when tested by techniques sufficiently supersensitized to yield positive 
reactions in malaria 


Conclusions 


(1) A series of protein fraction graphs taken from cases of secondary syphilis is 
given These show marked general resemblance to those obtained m kala-azar, 
the characteristic features being less strongly marked m the former disease 

(2) From certain differences m the graphs m the two diseases some theoretical 
aspects of treatment in syphilis are discussed from the standpoint of the more 
favourable results obtained m kala-azar 

(3) It is shown that m cases of secondary syphilis treated on modern lines the 
positive Wassermann reaction changes to negative as the first protein phase passes 
into the second 

(4) It is concluded that, given a serum from a case of syphilis, the question as 
to whether it will react positively or negatively to the Wassermann test is decided 
by the quantitative relation between the total globulin and the albumin, l e , 
whether the globuhn/albitmin ratio is above normal or not This conclusion 
rests upon the association of the positive Wassermann reaction with the first 
protein phase, the negative Wassermann reaction being associated with the second 
protein phase We believe that the albumin acts as a preventive of the 
Wassermann reaction which is therefore only positive m the first protein phase 
during which the albumin is greatly reduced When the albumin rises m the 
second phase to its normal excess over the globulin its protective action reasserts 
itself and the Wassermann reaction becomes negative again 

(5) No protein fraction examination can diagnose a case to be one of syphilis, 
since practically the same changes are met with m kala-azar 


(6) We suggest, however, that given a definitely diagnosed case of early 
syphilis its progress under treatment may probably be just as well gauged by the 
direction of the pseudoglobuhn and euglobulm curves during the second protein 
phase as by the more complex procedure of the Wassermann reaction It is 
possible that the protein graph test may prove to be the more delicate of the two, 
since it detects the later change of the progressively increasing solubility of the 
globulin, whereas the Wassermann reaction has become negative before this 

ffinormal 0 !^ 1611068 * defimte P ost ' Wassermailn phase of protein 

(7) No evidence has yet been obtamed of the eastern* of a pre-Wassermann 

phase of protein abnormality rn syphrhs This is a matter of considerable 
importance m connexion with early diagnosis aerabie 


r 
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(8) Observations carried out on cases with late lesions show that they are in 
the first protein phase as the globulm/albumm ratio is above normal and the 
Wassermann reaction positive The giaphs of the old cases also show that the 
protein fraction response to treatment is exactly the same as that of the secondary 
cases and that exactly the same association exists between the Wassermann result 
and the protein phase The existence of the post-Wassermann phase of protein 
abnormality m the late cases also is thus demonstrated The conclusion that the 
protein fraction test can follow the cure process further than is possible by means 
of the Wassermann reaction appears to be just as valid for the old cases as for the 
early cases 

(9) The suggestion is tentatively put forward that the reduction of the albumin 
which occurs in malaria may possibly play some part m the causation of the positive 
Wassermann reactions in that disease which have been reported by workers with 
ceTtam techniques 
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A NEW AND CHEAP SOURCE OE UREASE 

BY 

V K NARAYANA MENON, mb, b s 

AND 

D N A RAY AN A RAO, m b b s 
(Department of Biocheinisti'y, Medical College, Vizagapalam) 

[Received for publication, Decembei 4 1931] 

The source of urease generally employed m all laboratories is tbe soya beau or 
the jack bean As pointed out by Sumner (1928) these beans are variable as 
regards their activity, and during the course of our investigations we have tested at 
least two samples that showed very little or no activity We have been investiga- 
ting the possible local sources of urease with a view to find a cheap and readily 
available source of the enzyme which will yield a sufficiently potent preparation 
for the routine clinical work Of the seeds so far examined, two have been found 
which contain urease, namely, the common horse gram ( Dolichos bifloms) and dhal 
( Cajanus mdieus) Of these the horse gram appears to be very efficient, comparing 
favourably with many samples of soya bean, and promises to be a cheap and reliable 
substitute for the latter This paper deals with a study of its claim to recognition 
as a source of urease by biochemists 

Experimental 

Activity of Dolichos biflorus compared with that of soya bean at different 

temperatures 

A comparative study was made of the activity of random specimens of Dolichos 
biflorus obtained from different shops m the local market with a sample of soya 
bean got from Messrs Griffin and Tatlock about a year ago, which is the best we 
have, at temperatures ranging from 40° C to 90° C This was suggested by the 
consistent observation of more intense and more rapid production of red colour with 
phenol red when gram powder is added to a fresh solution of urea as compared with 
the colour produced by adding an equal quantity of soya bean powder to an equal 

( 1077 ) 
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volume of urea solution Further, every specimen of Dohchos bijlorus was found 
to be moie active than soya bean when tested by the following method which was 
designed by us to rapidly compare the urease activity of different specimens The 
method, similar to Wohlgemuth’s 'technique of estimating diastase (Cole, 1928), 
is as follows The unit of urease adopted by us is the activity contained in the 
minimum amount of material which is capable of completely decomposing 1 mg of 
urea m 15 minutes at 60° C 

Rapid method of testing wease activity — Into a senes" of test-tubes, numbered 
and arranged m a rack, are added varying amounts of urease solution and wate'r as 
indicated m the table below T The urease solution is prepared from the material 
to be tested m exactly the same way as stated m the subsequent portion of 
this paper, l e , 1 g of the powdered material extracted with 16 per cent alcohol 
for 5 minutes, the whole being made up to 50 c c and filtered 


Tube 

Urease 
solution, 
c 0 

Water, 
o c 

Tube 

Urenso 
solution, 
c c 

Water, 
o c 

Tube 

Dilute 

urease 

1 in 10 

Water, ' 
c c 

1 

10 

00 

0 

05 

05 

11 

0 9* 

01 

2 

00 

01 

Ik 

04 

00 

12 

08 

02 

3 

08 

02 


03 

07 

13 

07 

03 

4 

07 

03 

9 

02 

0 8 

14 

0 6 

04 

5 

06 

04 

10 

1 

0 1 

09 

15 

05 

05 


Thus the volume m each case is 1 c c with mease m decreasing concentration 
To each tube is added 1 c c of buffered urea solution (1 c c =1 mg ) commencing 
from the end having the lowest concentration of urease All the tubes are then 
incubated at 60° C for 15 minutes, at the end of which time they are simultaneously 
plunged into boiling water and kept there for 5 minutes The tubes are now cooled 
by immersion m cold water, and two drops of phenol red indicator is added to each 
tube The contents of all the tubes turn pink Next very dilute acetic acid (0 1 
per cent) is added drop by drop till the colour just turns yellow One c c of urease 
solution is again added to all the tubes, and the lattef incubated at 60° C for 5 to 10 
minutes The tubes which originally contained undecomposed urea now show a 
pink colour The last of the tubes which are yellow contains just sufficient urease 
to decompose 1 mg of urea under the given conditions Thus, if it is the sixth tube 

m the series, which contains 0 5 c c urease solution representing or 10 mg of 

the original powdet, the urease activity of the latter will be 100 units per gramme 


* The same urease solution diluted ten times with water 
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of material Tested by this method Dohchos powder had an activity of 126 units 
as against 83 3 units for soya bean This led us to investigate whether this superior 
activity is maintained at all temperatures under well-controlled conditions 

As will be evident from the following data the urease activity of horse gram is 
decidedly greater than that of the sample of soya bean at all temperatures between 
40° 0 and 90° C In each case 1 g of the fine powder was extracted with 16 
per cent alcohol for 5 minutes by grinding ima glass mortar, at the end of which 
period the whole suspension was transferred into a graduated cylinder, and the 
volume made up to 50 c c with repeated washings of the mortar with 16 per cent 
alcohol The contents were well mixed, and then filtered through ordinary filter 
paper Two c c of the opalescent filtrate was measured into a test-tube 200 mm 
X 20 mm forming part of Van Slyke’s apparatus for estimating urea by the aeration 
method (Cole, 1928) The test-tube was kept m a bath at the required temperature, 
and 5 c c of 3 per cent buffered urea solution, also brought to the same temperature, 
was added and the tube fitted to the aeration apparatus, a very slow current of air 
being drawn through The urea solution used had the same composition as that 
used by Sumner (1928) having a pH slightly on the acid side of the neutral point, 
as we found that the enzyme acts better at this reaction than at pH 7 0 The action 


Table I 


Showing the amount of wea decomposed m 5 minutes at different temper atm es 
by 2 cc of extract of Dohchos biflorus and soya bean, and the 
comparative activity of each 



Urea decomposed in 


O MINUTES m 2 C C EXTRACT, 


MG 

Temperature, 





r C 




D biflorus 

Soya bean 

40 

0 954 

0 749 

45 

1050 

0 939 

50 

1430 

1 064 

55 

2 548 

1 649 

00 

2 823 

1 772 

63 

4 358 

2 150 

70 

4 613 

2 676 

75 

5 490 

2 735 

80 

6 274 

2 831 

85 

5 309 

2 413 

90 

3 232 

1272 


K x 10 3 


D biflmvs 

Soya beau 

1 334 

0 92 

1 426 

1 196 

2 392 

1426 

3 358 

2 116 

3 772 

2 392 

5 934 

2 806 

6 210 

3 634 

7 452 

3 634 

8 602 

3 910 

7 176 

3 220 

3 358 

1 702 
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was allowed to proceed for 5 minutes, at the end of which it was suddenly arrested 
by adding 3 c c normal sulphuric acid by way of the inlet tube, at the same time 
introducing a few drops of capryhc alcohol, after which a strong current of air was 
drawn through for 1 minute, which served to mix the acid well with the contents of 

Curves shomnq the relative activity of Dolichos bifloms and soya bean at 

different temperatures 

Graph 



the tube The amount of urea decomposed in 5 minutes was determined by the 
method of Van Slyke (Cole, 1928), using 0 01 N acid and 0 01 N alkali The same 
procedure was adopted for each experiment separately Similar experiments under 
identical conditions were done with soya bean The data are given m Table I 
The curves are drawn from these results 
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Doliclios biflorus as a substitute foi soya bean 
The efficiency of D biflorus foT the quantitative determination of urea m 
solutions of kn own concentration as well as m blood and other biological 
fluids was studied m comparison with that of soya bean In all cases the 
determination of the amount of urea decomposed was done by Van Slyke’s 
method (Cole, 1928) mcubatmg at 60° C fox 15 minutes and using 0 01 N acid 
and 0 01 N alkali In every instance it was found to be at least as efficient as 
soya bean, as will be seen from Tables II and III — 

Table II 


Showing the decomposition of mea solutions of known strength by D biflorus 

and soya bean 



UltFA PHOSPHATE 
SOLUTION AND 
STRENGTH, 

Uiea determined, 
mg 

1 

Urea calculated, 
mg 

Eiror, 

mg 

c c 

per cent 

Soya bean 

3 

02 

5 375* 

6 0 

-0 625 

D bifloius 

3 

02 

5 885 

60 

-0 115 

Soya bean 

3 

01 

3 059 

30 

+ 0 059 

D biflorus 

3 

0 1 

3 203 

30 

+0 293 

Soya bean 

1 

30 

30 379 

30 0 

+0 379 

D biflorus 

1 

30 

29 601 

30 0 

-0 339 

Soya bean 

5 

0 1 

5 049 

50 

+0 049 

D biflorus 

5 

0 1 

5180 

50 

+0 ISO 

Soya bean 

05 

30 

15 064 

15 0 

+0 964 

D biflorus 

! 05 

30 

, 

15 438 

15 0 

+0 438 


* The figures are the average of duplicate est, nations, 
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Table III 


Showing comparative results of urea estimation m biological fluids 



JIG PER 100 C O I'LGID 

Revarks 

Soya bean 

D bijlorus 

Blood 




P A 

TO 80 

30 80 

Normal blood 

V E 

29 83 

20 33 

>> 99 

B R S 

33 73 

32 73 

99 99 

G V 

20 00 

26 00 

Ben beri 

A S 


273 00 

Uromin N P N 146 mg Andrew 




Hew it’s reaction positive 

Urine 




D N R 

808 73 

901 75 


N A 

008 05 

614 40 


Cercbio spinal fluid 




A S 


349 00 

Urremm Same case as above 




Lumbar puncture done the dav 




lifter taking the blood N P N 




144 0 mg 


During the course of these quantitative experiments it was incidentally observed 
that addition of an excess of the gram powder tends t;o give a slightly higher 
figure than the theoretical, suggesting the possibility of the presence of free amide 
groups m the constitution of the substance Hence the content of amide nitrogen 
was determined in samples of the powder by adding sufficient alkali to 1 g of the 
powder and aspirating ammonia-free air through it into 10 c c water containing 
0 5 cc Folm’s digestion mixture for micro-kjeldahl At the end of aeration the acid 
solution was transferred into a 50 c c volumetric flask, the volume made lip to 30 
c c with two washings of 10 c c each, 15 c c of Folm’s modified Nessler’s solution 
(Beaumont and Dodds, 1929) added, and the volume finally made up to 50 c c 
A standard was prepared m the same way as for the determination of non-protem 
nitrogen by Folin’s method (Beaumont and Dodds, 1929), and the unknown solution 

was compared m a colorimeter with the standard at 20 mm 


300 


Reading of unknown 

gives number of mg of amide nitrogen per 100 g of powder Determined 
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in this way D bifloms contains on an average 29 7 mg of amide nitrogen 
per 100 g of powder However, with, the quantity of powder ordinarily used for a 
urea determination the error from this cause cannot be very significant Further, 
it has been observed that this source of error can be completely eliminated by using 
the powdered material obtained by precipitation with alcohol of a thymol-water 
or dilute alcohol extract of Dolichos powder m place of the crude material This 
has the additional advantage of being more active weight for weight than the crude 
powder Work on the extraction and purification of the enzyme from this source 
is now m progress 

In conclusion we hope that sufficient evidence has been presented m this paper 
to warrant an extensive use of Dolichos bifloms, a readily available, unfailing, and 
economically a much cheaper material, as a source of urease m place of soya bean 

Summary 

1 Two new sources of urease have been found 

2 Dolichos biflonis, the ordinary horse gram, is a cheaper than and an equally 
efficient source of urease as soya bean 

We wish to express our thanks to Lieut -Colonel F J Anderson, i m s , the 
Principal of the College, and to Dr B B Dikshit, Professor of Pharmacology, for 
the encouragement they gave us 


Beaumont, G E , and Dodds, E G 
(1929) 

Cole, S W (1928) 

Sumner, J B (1928) 


REFERENCES 

‘ Recent Advances in Medicine ’ J & A Churchill, 
London p 381 

‘ Practical Physiological Chemistry ’ Heffer & Sons, 
Cambridge, pp 395 and 420 
Jour Biol Chem , 76, p 155 


J, MR 


7 




Ind Jour. Med Res , SIX, 4, April, 1932 


COMPARATIVE STUDY OF LARVAL CHARACTERS OF 
A LUDLOW II (THEOBALD) AND 
A SUBPIOTUS (GRASSI). 

BY 

B GHOSH, mb, dph, 

Entomology si, A ludlown Survey, Bengal 

[Received for publication, December 14 1931] 

At a conference of experts to consider tlxe gravity of tlie menace of malaria to 
Calcutta and its Port from the invasion of Anopheles ludlown, it was decided to 
institute an enquiry into its distribution and to find out the causes of such distribu- 
tion if possible The Government of Bengal taking up the suggestion of the experts 
sanctioned a staff for the survey The autlioi of this article was put m its charge 
The author was very much handicapped m the beginning of the survey work 
as the larval characters of A ludlown hitherto described by various authors were 
quite inadequate for the purpose of identification of the species m their larval 
stage Pull description of A ludloivn larva given by Swellengrebel m his famous 
book (1919) and in the Bull Ent Bes , 11, 72-92 (1920), does not reveal any 
differentiating points between A ludlown and A subpictus In Strickland’s 
book also the differentiating points between the two species are not mentioned 
And, lastly, the points of identification between A ludlown and A subpictus as 
recently given by Puri (June, 1931) m his admirable treatise dealing with larval 
character of Indian species of Anopheline mosquitoes could not be utilized to any 
effective purpose as they are m his own opinion not reliable 

Hence to find out the prevalence of A ludlown, collection of a large number of 
adult mosquitoes was made and then villages showing this species were critically 
examined to ascertain the breeding places There being no distinguishing characters 
described by previous workers, thousands of bottles had to be kept for the 
final hatching out of the larvas with characters of salt-breeding A subpictus 
Subsequently a thorough and careful search was made to find out some point or 
points of difference between these two species of larva, which present almost 
identical characters 
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For this purpose a large number of larvae were collected from infected villages 
and bred out at the laboratory The majority of them, when hatched out, consisted 
mainly of A ludlown with a smaller number of A subpictus and A vagus The 
hatched out adults of A hull own were reared m the laboratory with regular blood- 
meals and the larval hatched from eggs of these examined in large numbers along 
with the salt-bieeding A subpictus larvae They were also compared with fresh- 
water A subpictus collected from various other places during the surve} work 
For the purpose of studying the chaetotaxy (?) last larval moults of both the 
species were compared m large numbers and results confirmed in every case by the 
corresponding hatched out adults, (n) living mature larvae (3rd and 4th instars) 
of both the species were compared and the results similarly confirmed by adults 
eventually reared from them 

It is not the intention of this paper to go into details of lrtrval characters noted 
by other workers Only the points that will help others in distinguishing A huUou n 
from A subpictus arc given here — 

I Coloui — Brown or brownish green 



Fig 1 — Hoad spots of A ludlown Fig 2 — Head spots of A subpictus 


II Head spots — The head spots in the mature larvae (in the 3rd and 4tli 
instars) of A ludlown and salt-water A subpictus are quite different from that of 
A subpictus breeding in fresh water Mature A ludlown shows a brownish or 
darkish enveloping cloud surrounding the three dark spots, situated a little behind 
the middle of the fronto-clypeus more or less like that found m larvae of 
A fuligmosus group ( vide Fig 1) This is always the case with A ludlown 
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larvae in their 3rd and 4th mstars In case of A subpictus breeding m salt water 
a majority of them show a similar well-developed clond around the spots, only a 
small number showing a tendency to develop without it 

case of A subpictus, collected from fresh water, the larvae have not been 
found to' develop this well-defined band-hke cloudiness around these three 
dark spots (Fig 2), but it is not unusual to find an extensive and deep cloudiness 
enveloping the posterior half of the fronto-clypeus including all the dark spots 
of the head from the middle of the fronto-clypeus to the posterior end 



Fig 3 — A ludlown Most common 
form of branching o£ the dorsal hair 
No 5 (Puri) m the mesothorax 



Fig 4 — A subp„ctns Most common 
foim oS branching o? the do; sal hair 
No 5 (Puri) m the mesotliora\ 


III Bmnchng of the doisal han No 5 {Pun) on the mesotlioiax of 
A ludlown — A ludlown kmc, in then 3rd ox 4th mstars bred out m the 
laboratory (1) m fiesh water, (2) or m salt water having a similar concentration 
to that found m then natural breeding places, (3) oi when they are collected 
fiorn then natural breeding places, have been found to have the following mode 
of blanching (Fig 5) — b 


Gkoot I — 21ml mu, mm Jon, S5 per cent of eases (Fig 8) There ale thee 
bundles on both sides ammg to, lank the base of the ball Anopheles larva 
closely resembling A .u&pictu, m eveiy othei lespect and having this featuie 

MlLn ^ d meutloned never fwl to hatch out as A 
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Group II — Four branches on one side and tluee branches on the other (m 5 
per cent of cases) The site of branching is near the base of the hail as in 
Group I 

Group III — The dorsal hair No 5 (Puri) m the mesothorax has three branches 
on one side and two branches on the otheT (m 10 per cent of cases) The point 
where the third branch comes off is towards the base 

In no full grown larva (3rd and 4th mstars) of A ludlmvn have we been able* 
to find — 

(1) Two blanches only on either sides (most common form m A subpiclus) 

(2) A combination of a bifid hair on one side with a simple one on the other 

(the next commonest form m A subpiclus) 



&R.0UP 2C 

Fig 5 — A ludloim Variation m blanching of the dorsal hair No 5 (Puri) 
of the mesothorax. 

Blanching of the dorsal hail No 5 (Pun) on the mesothorax in case of 
A subpictus (Giles) 

A mature subpiclus larva (m the 3rd or 4th mstar) when bred out m fresh 
water, salt water or found m their natural habitat or taken from the salt-water lake 
has been found to have the following mode of branching of the dorsal hair No 5 
(Puri) m the mesothorax (Pig 6) 




» 
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Group I —Most common form 80 per cent of cases (Fig 4) Two blanches on 
eithei side They may branch at any place from the base to the apex or be bifid, 

but the most common form is near the apex 

Group II —(In 13 per cent of cases) A combination of two branches on one 

side with a simple one on the other 

Group III —A combination of two branches on one side with three on the 
other — m 6 pet cent of cases only The third branch usually comes off from a point 
towards the apex 



Fig. b . — A subptclus Variation in branching of the dorsal hair No 5 (Puri) of the 
tnesofchorax 


Group IV — A combination of three branches on both the sides — only in one 
pet cent of cases— a very rare form Here again the branching takes place rarely 
nearer the base than half the length of the hair 

Fiom the above companson of the mode of blanching of the 5th doisal ban 
(Piui) m the mesothorax of A Iwdlotvn and A subpiclus it is possible to separate 
the two species with fan accuracy m 93 per cent of cases 
Summary of the procedure to identify A ludlowii — 

(1) Pick up those larvae having the general characters of A subpMm among 
the collections with The head spots as described above b 
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(2) Then look foi the mode of branching m the dorsal hair No 5 (Pun) of the 
mesothoiax A laiva having the head pattern as desenbed above with the dorsal 
hair No 5 (Puri) of the mesothoiax, having tluee or more branches on both sides, 
the branching coming off close to the base, will raiely fail to hatch out as A ludlowii 
By this one can detect even a single specimen of A ludlowii larva from amongst a 
nurnbei of salt-breeding A mbpiclits bleeding m common 

Differential identification between A ludlowii and othei closely allied species — 

(1) A tcsselalus vai puncfulala — Tins species shows a head marking like that 
of A ludlowii but the mode of blanching (only 2-3 blanches) of the internal shoulder 
hail is a chaiactenstic point to separate it from A ludlowii which has always more 
than three branches and the number may reach up to 20 

(2) A cuhcifacics as desenbed by Pun — 

(?) The hair No 1 on the metathoiax or tlioiacic palmate lian has numeious 
lanceolate leaflets without a differentiating filament number vaiymg 
fiom G to 12 

(n) The fcatheied doisal hail of the antenoi pail of the plcuial hails m the 
piothoiax and also the simple vential hair of the antenoi pair of the 
pleural lmus m the metathoiax aie sufficient distinguishing featiues 
in separating the two species 

(m) The piominent and pigmented roots of the internal and middle shoulder 
liaus are also found m A ludlowii and A subjnetus breeding m salt 
watei — so this is not a definite point of differentiation on which one 
can lely with much confidence 

(3) A slephensi — The external occipital hair is either bifid or tuhd while in 
the case of A ludlowii these blanches usually exceed thice m number 

The autlioi expresses his smccie gratitude to Dr B B Khambata, the Director 
of Public Health, Bengal, and to Di S N Sui Assistant Dncctoi of Public Health, 
Malaria Research, Bengal, for giving him ample facility and encouragement 
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In experimenting on the effect of different humidity concentrations on 
mosquitoes, the authors have experienced much difficulty m trying to obtain constant 
humidity conditions and had tried several methods without success While it is 
fairly easy to obtain a constant 100 per cent humidity m any closed chamber, it is 
difficult to maintain a constant humidity condition at concentrations lower than 
the saturation point Should one succeed m setting the humidity at a certain level 
in a chamber at the time of starting the experiment, changes of temperature, such as 
occur during the course of the day, would produce large variations mthe humidity 
inside the chamber A further difficulty m regard to keeping live mosquitoes 
under constant humidity conditions is that it is necessary to keep some exposed 
water fqr the mosquitoes to feed on, as otherwise they die within a short time , and 
any introduction of water alters the humidity that may have been adjusted 
onginally A constant humidity apparatus for mosquitoes should be such as 
would piovide exposed water for the insects and, at the same time, it should be 
capable of copstantly maintaining the same concentration of humidity at constant 
tcmpeiatuies, and even m spite of variations m the atmospheric tempeiature 
The authois have devised a constant humidity apparatus which fulfils these 
requirements They have tested this apparatus under different conditions and 
have found it to be entirely reliable m maintaining constant humidity of the air in 
the chamber under conditions of constant temperature as well as at room 
tempeiature subject to diurnal variations In every one of the many tests carried 

( 1091 ) 
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out, the apparatus maintained a constant humidity, with only a small deviation 
from the mean, even during tests which extended over several weeks The relative 
humidity of the chamber is not affected m any way by diurnal variations of 
temperature Even when the difference between the maximum and minimum 
100 m temperature during the day was as much as 5°C , the appaiatus maintained 
the same relative humidity tluoughout the period of test The apparatus provides 
a continuous supply of exposed watei m the humidity chamber for the mosquitoes 
which is an important factor as mosquitoes die away quickly if kept without a 
supply of water The apparatus is simple, portable, easy to manipulate and it 
costs less than £2 This portable humidity control apparatus has given entnely 
satisfactory results and in the present paper, the authors describe the construction 
of the apparatus and the technique of woikmg it They also furnish the results of 
tests carried out to ascertain its reliability as a constant humidity appaiatus, and 
its suitability for keeping live mosquitoes under different constant humidity 
conditions 


Construction of the apparatus 

The apparatus is illustrated in Eig 1 A rectangular museum jar 6" by 8" 
and 10" high, or a circular jar measuring about 8" m diameter and 10" high, is fitted 
with a thick glass lid having a bottle neck IV m diametei The jar should 
be one of clear white glass free from an bubbles The edge of the jar and the lid 
are well ground to ensure air-tight fit Through the bottle-neck of the hd is fitted a 
Eegnault’s dew-point hygrometcl consisting of a polished silvci test-tube 8" long 
and f" m diameter, fitted with a three-boie India rubber stopper to take two bent- 
glass tubings and a thermometer One of these glass tubes is long and nearly 
touches the bottom of the test-tube, while the other does not leach much below the 
level of the stopper The outside ends of the two glass tubes are provided with 
short lengths of India rubber tubings and then ends are closed with pmch-cocks 
The thermometer (Eig 1, T) has a long immarked stem about 8" long, and should 
read — 10° to -j- 40° Centigrade or 10° to 120° Fahrenheit, with divisions to lead 
fractions of a degree accurately The bulb of the theimometer should be pushed 
to about half an mch of the bottom of the tube, but should not touch the bottom 
The rubber stopper of the silver tube is removed and a quantity of ether sufficient 
to fill half to three-fourths of the test-tube is poured into it The rubber stopper is 
then replaced and the ends A and B of the rubber tubings closed with pmch-cocks 
The silver tube goes into all" India rubber stoppei with a bore 2" m diametei and 
the whole hygrometer appaiatus is thus fitted to the bottle neck m the hd of the 
glass jar ( see Fig 1) The fittings should be as an -tight as possible 

Within the jar (the humidity chamber) are kept the following four articles 
(1) A glass beaker (4" high and 1 1" m diameter) half filled with concentrated sulphuric 
acid (Fig 1, C) , the mouth of the beaker is wiped dry of the acid and a small piece 
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of mogquito netting is tied round its mouth The acid used should be of a high 
standard of purity, preferably Merck’s or Kahlbaum’s , less pure and commercial 
acids may give off fumes which are detrimental to the life of the mosquitoes (2) A 
flat bottomed glass specimen tube (about 3" by 1\") fitted with a two-bore India 
rubber stopper through which pass two glass tubes of a narrow calibre about 3 mm 
m diameter (Fig 1, F) , one of the tubes is long and leaches to within half an inch of 
the bottom, while the otliei is short and projects just beyond the stopper both above 
and below Through the longer glass tulung passes a clean cotton wick reaching 
the bottom of the vessel , the wick is cut flush with the top of the glass tube The 
vessel is filled with sterile distilled water This wet wick bottle is here called the 
the ‘ humidifier ’ (3) In addition to the acid container and the humidifier a small 

block of wood or a block of compressed charcoal (Fig 1, E) is kept m the humidity 
chamber for mosquitoes to rest on, and (4) A watch glass with a few fresh raisins 
After placing these articles on the floor of the humidity chamber, the edge of 
the jar is smeared lightly with white vaseline and the lid placed m position and 
lightly pressed to ensure an air-tight fit The hygiomcter is then nisei ted into the 
bottle neck of the lid Fig 1 is an illustration of the fully fitted up apparatus 
In the humidity chamber of the apparatus which is set in the manner described 
above, the two processes of (1) evaporation of water by the humidifier and (2) 
absorption of water vapoui by the acid happen simultaneously Aftei some time, 
a balance is established between the two processes and a constant humidity 
condition is brought about within the ehambei It takes a fen hours’ time for 
this equilibrium to be established , it is advisable to leave the apparatus 
overnight and determine the humidity concentration of the an in the chamber 
on the following morning 


Manipulation 

Two data are required for the determination of humidity of the chamber (a) 
the initial temperatuie of the ehambei and (6) the ‘ dew-point ’ of the atmospheie 
in the humidity ehambei The following procedure is followed 

After noting the initial reading of the therm ometei, the mbbei stopper of the 
hygrometer is removed to ascertain if there is sufficient ethei m the silver tube 
If it is not at least half full with ether, a small amount is added to make up that 
quantity, and the cork again placed m position The. opeiatoi then removes the 
two pinch-cocks closing the rubber tubes A and B (Fig 1) and blows an from his 
mouth through A The air thus blown bubbles through the ethei causing it to 
evapoiate and theieby lowering its tempeiatuie The blowing of an should not be 
continued for more than a few seconds at a time After each blowing, the pinch- 
cocks are replaced m position The opeiator then watches the silver tube for any 
cloudiness on its surface as the result of dew formation He waits till the tempera- 
ture continues to fall If the temperature has again become steady and there is 
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yet no formation of dew on tlie silver tube, the process of blowing air through A is 
repeated m the same manner until dew formation is observed on the silver tube 
The amount of air blown through the hygrometer during each subsequent occasion 
should be gradually diminished so as not to lower the temperature too suddenly 
and thereby going beyond the dew-point too quickly The temperature is noted 
the moment any definite haziness is observed on the silver tube, and no more air 
is blown thereafter The rubbei tubes A and B are closed with pinch-cocks to 
prevent further evaporation of ether The operator watches the silver tube and 
notes the temperature when the dew disappears on the silver tube The mean of 
the, two readings gives the ‘ dew -point ’ 

The difference m temperature between the formation of dew and the disappear- 
ance of dew should be as small as possible m order to obtain the most accurate 
readings With practice and careful manipulation it should not be difficult to fix 
the dew-point with difference of 1°C or 0 5°C between the point of appearance 
and disappearance of dew or even less than that The smaller this range, the greater 
is the accuracy With very high humidities, however, it takes a longer time for the 
dew to disappear and the difference in temperature between the appearance and 
disappearance of dew may often be as much as 3°C 

Having determined the dew-pomt, the relative humidity figure is obtained by 
the following formula — 

Vapo^ i9 ^e_atD^o^ i 00 = Relative Humidity 
Vapour Pressure at Initial Temp J 

Two tables are furnished at the end of this paper giving the vapour pressure m 

millimetres of mercury for degrees Centigrade (Table I) and m inches of mercury 

for degrees Fahrenheit (Table II), abstracted from Smithsonian Meteorological 

Tables, 1893 ( see pages 1106 and 1109) 

The humidit yconcentration m the chamber is determined by two factors, the 

evaporating capacity of the humidifier and the absorptive capacity of the acid 

If it is found necessary to have a higher or a lower humidity than that obtained m 

the particular instance, the lid of the chamber is removed and the humidifier wick 

is adjusted afresh If a lower humidity is required, the wick is pushed m slightly , 

if a higher humidity is required it is made to project out The same result can be 

achieved by increasing or decreasing the diameter of the beaker containing the acid 

It is advisable, however, not to change both but to keep one of them, preferably 

the acid container, constant By such manipulation and testing of the apparatus 

once or twice one can easily get the required humidity The strength of the acid 

should be varied m accordance with the humidity requn ed For relative humidities 

between 10 and 40 strong concentrated sulphuric acid should be used For relative 

humidities 40 to TO a mixture of equal parts of sulphuric and and water should bo 

used and for hmmdit.es between 70 to 90, an acid mixture cons, stag of 3 parts 

of water to 1 of strong sulphnrio acid is recommended Within each of the three 
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ranges mentioned above any particular humidity concentration can be obtained by 
an adjustment of the wick of the humidifier Once these are adjusted and tested 
with any particular apparatus and the operator is familiar with these adjustments, 
he should be able to guess at the humidity coneentiation that would result from any 
particular combination of these factors For very low humidities as for example, 
below 20 per cent it would be found convenient to have two acid containers instead 
of one For very high humidities, as for example above 85 per cent, two humidifiers 
may be used with advantage instead of one 

In the case of humidities above 75 per cent, raisins kept m the humidity chamber 
as food for the mosquitoes are liable to get mouldy In view of this difficulty the 
authors use an additional humidifier containing a 3 per cent glucose solution 
When this is done, there is no necessity foi keeping raisins inside the humidity 
chamber 

It is advisable to run the apparatus for 12 hours or longer after setting it and to 
make a few prelimmaiy humidity determinations to see if the requned humidity is 
available by the particular adjustment of the acid container and the humidifier 
If the required humidity is not available flesh adjustments are made until the 
lequued humidity is obtained 

When the apparatus has thus been set to the particular humidity leqnired, the 
experimental mosquitoes are let into the chamber by means of test-tubes through 
the bottle-neck of the lid after removing thehygrometei When the mosquitoes 
have been let in, the hygrometer is replaced m position The expenmeiital 
mosquitoes m the humidity cliambe’r have access to water (from the wick of the 
humidifier) and food (raisins or glucose solution) and they live m an atmosphere 
having the same concentration of humidity throughout the period Mosquitoes 
can be kept m these chambers for many days continuously and even for several 
weeks under constant humidity conditions 

At the close of the experiment, the mosquitoes which were kept m the humidity 
chamber will have to be collected fiom inside the apparatus The hj'g'rometei is 
removed from the bottle-neck of the glass lid and the cavity plugged with some 
cotton-wool The apparatus is then placed undei a mosquito cage as illustrated 
m Fig 2 The cage consists of a rectangular wooden frame with a glass pane fitting 
into a groove on top and a loose cloth bag hanging fiom it , the front side of the 
bag comes out as a long sleeve for inserting the hand for catching the mosquitoes 
The cloth bag has a longitudinal slit below and the edge of this slit has a length of 
elastic tape sewn on to it The humidity apparatus from which the hygrometer 
has been removed is now placed under this cage and the mouth of the jar is pushed 
into the cloth bag through the slit at bottom The operator thrusts his hand 
through the sleeve, removes the glass lid of the humidity chamber and places it to 
one side m the cage The mosquitoes resting inside the jar are then disturbed and 
made to fly into the cage and caught m test-tubes Great care should be taken m 
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handling the apparatus lest by any chance the acid kept in the jar ,s sprit with 
severe consequence 



Bg 2 

Diagram to illustrate arrangement for re-collecting mosquitoes from inside the humidity chamber 

Tests on idiabihty 

The h umi dity control device described in this paper has been put to a thorough 
test both under conditions of constant temperature and under conditions subject to 
diurnal variations of temperatuie Under conditions of 1 .constant temperature, 
the relative humidity of the atmosphere m the chamber was observed to be con- 
stant even for prolonged periods of 10 to 15 days The maximum variation from 
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the mean has been just about 1 and never more than 2 units from the mean relative 
humidity Even under conditions m which the temperature varied during the 
course of the day the apparatus has been observed to maintain constant humidity 
all the time, with only a small deviation from the mean, usually between 1 and 2, 
rarely more, but never more than 3 units 

Out of a large number of tests carried out on the reliability of the humidity 
control apparatus for maintaining constant humidity under diurnal conditions of 
temperature, a few are here cited as illustrations The records of experiments A 
to I given below are the results of tests carried out to determine the efficiency of the 
apparatus at different degrees of humidity, from 10 per cent to 90 per cent In each 
of the different grades of humidity the apparatus was found to be reliable m main- 
taining a constant humidity condition with only a small variation from the mean 
In all these experimental tests the appaiatus was set on the first day m the 
afternoon and some time (at least 12 hours) was allowed to elapse before commencing 
observations on the humidity of the atmosphere m the chamber 


Experiment A 



Time 

Initial 

temperature, C G 

Dew point,°C 

Relative humiditv 
per rent 

2nd Day 

6 am 

27 0 

—20 

14 9 

it >i 

10 \ M 

29 5 

00 

14 9 

it it 

2 pm 

30 2 

1 2 

15 6 

3rd Day 

6am 

27 2 

—1 0 

15 9 

9t it 

11 AM 

29 0 

—1 0 

14 3 

a it 

3 pm 

30 6 

0*2 

14 2 

5th Dav 

9am 

28 2 

2 2 

13 7 

it ft 

1 PM 

30 0 

00 

14 5 


Range of temperature during test 27 0°C to 30 6°C 

Average relative humidity 14 8 

Maximum deviation from mean humidity ±1 1 

In this test, the apparatus maintained the low humidity of 15 per cent constantly 
and the maximum deviation from the mean was only 1 1 


Experiment B 



Time 

Initial 

temperature, °C 

Dew pomt,°C 

Relative humidity, 
per cent 

2nd Day 

6am 

27 6 

5 6 

24 7 



28 2 

6 1 

24 7 


2pm 

29 0 

7 0 

25 1 

3rd Day 

6am 

27 2 

60 

26 0 

a it 

1pm 

28 6 

65 

24 S 
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Range of temperatuie during test 27 2°C to 29 0 D C • 

Average relative humidity 2o 1 

Maximum deviation from mean humidity ±0 9 

The relative humidity m the humidity chamber was constant at 25 per cent 
with a maximum deviation from mean of only ±0 9 humidity 


Experiment C 



Time 

Initial 

temperature, °C 

Dew point, °C 

Relative humidity, 
per cent 

2nd Day 

7am 

2pm 

20 4 

33 0 

134 

15 0 

37 5 

33 0 


5pm 

31 0 

14 0 

35 0 

3rd Day 

Cam ~ 

23 3 

11 8 

30 1 

II A M 

30 2 

13 1 

35 2 

tt ft 

3pm 

27 G 

11 2 

36 1 


Range of temperature during test 27 6°C to 33 0°C 

Average relative humidity 35 7 

Maximum deviation from mean humidity ±1 8 

In this experiment in which the relative humidity was set at about 36 per cent 
the apparatus was found to maintain a constant humidity with a maximum variation 
of only ±1 8 although the temperature varied through 5 4°C 


Experiment D 



Time 

Initial 

temperature, °C 

2nd Day 

6 AM 

27 0 

» ft 

10 AM 

28 5 

ft ft 

2 PM 

30 2 

3rd Day 

6 am 

26 4 

» » 

10 am 

28 6 

»» tt 

1 PM 

29 4 


Dew point, °C 

Relative humidity 
per cent 

12 0 

39 4 

13 7 

40 5 

15 0 

39 8 

12 1 

41 1 

13 0 

38 3 

13 5 

37 8 


26 4°C to 30 2°0 


Range of temperature during test 
Average relative humidity 39 5 
Maximum deviation from mean humidity ±1 7 

‘'ff C apj>aratus was set fot a tomidity concentration of 40 per cent 

only 1 7 from the mea^Tsmte of Td ^ Wltl 0 maximmn deviation of 

J) MI > ’ pite of a dmrDal range of temperature of 3 8°C 


8 
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Experiment E 



Time 

Initial 

temperature, 0 ! 1 

Dew -pomt,°G 

Relative humidity, 
per cent 

2nd Day 

7 am 

27 6 

15 8 

48 7 


10 AM 

20 0 

16 4 

46 6 

f a 

3pm 

30 0 

17 5 

47 2 

3rd Day 

7am 

27 0 

15 1 

48 2 

It 9t 

10 A M 

29 0 

168 

47 8 

it 99 

3pm 

1 

28 2 

j 

16 2 

48 2 


Range of temperature during test 27 0°C to 30 0°G 

Average relative humidity 47 8 

Maximum deviation from mean humidity ±1 2 

In this test, the apparatus which was set at about 48 per cent humidity 
maintained a constant humidity with a small deviation of 1 2 from the mean 


Experiment F 



Time 

Imtitt' 

temperature, °0 
- ! 

Dew point, °G \ 

Relative humidity, 
per cent 

2nd Day 

6am 

27 0 

17 8 

57 2 

99 99 

10 a m 

28 5 

10 0 

56 5 

99 99 * 

2 F M 

30 5 

21 0 

57 0 

3rd Day 

6am 

26 8 

18 0 

58 6 

99 99 

10 a m 

28 3 

19 0 

57 2 

99 99 

1 PM 

29 3 

I 

20 5 

59 2 


Range of temperature during test 26 8°C to 30 5°C 

Average relative humidity 57 6 

Maximum deviation from mean humidity ±1 6 

In this experiment the apparatus maintained a constant humidity of 58 per cent 
with a small deviation of I 6 from mean 


Experiment G 



Time 

Initial 

temperature, °C 

Dew-point, °C 

Relative humidity, 
per cent 

2nd Day 

7am 

29 6 

24 4 

73 7 


2 PM 

33 0 

27 0 

70 8 


5pm 

31 0 

25 0 

70 5 

3rd Day 

6am 

28 6 

23 2 

72 6 


11 AM 

30 2 

24 0 

69 5 

99 99 

3 PM 

28 2 

22 8 

72 6 
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Range of temperature during test 28 2°C to 33 0°C 
Average relative humidity 71 6 
Maximum deviation from mean humidity ±2 1 
The apparatus which was set at about 70 per cent humidity maintained^ a 
constant humidity in spite of a variation of temperature amounting to 1 8 C 
during the period of observation The deviation from normal m the humidity 
value was 2 1. 

Experiment H 



Time 

Initial 

temperature, °C 

Dev -point, °C 

Relative humidity, 
per cent 

2ud Day 

1 

6am 

27 8 

24 5 

82 3 


10 AM 

28 5 

25 0 

81 4 


2 PM 

30 0 

26 2 

80 2 

3rd Day 

10 AM 

27 2 

23 4 

79 8 

9 9 >9 

1 PM 

29 0 

25 0 

79 1 


Range of temperature during test 27 2°C to 30 0°C 

Average relative humidity 80 6 

Maximum deviation from mean humidity ±1 7 

This experiment set fo!r a humidity of about 80 per cent maintained a constant 
humidity continuously with a small variation of only 1'7 


Experiment I 


* 

Time 

Initial 

temperature, °C 

Dew-point, °C 

1 

Relative humidity, 
per cent 

2nd Dav 

6 AM 

28 1 

26 2 ! 

89 5 


10 A M 

28 4 

26 5 

89 4 

» 99 

2pm 

29 8 

27 0 

85 0 

3rd Day 

6 AM 

27 4 

25 2 

87 8 

99 J> 

1 P M 

28 8 

26 5 

! 

87 4 


Range of temperature during test 27 4-°C to 29 8°C 

Average relative humidity 87 8 

Maximum deviation from mean humidity ±2 8 

In this experiment a very high humidity of 88 per cent was maintained 
constantly and the maximum deviation from the mean for the period of observation 
was comparatively small, namely, 2 8 


TUc results of these tests prove conclusively that the , constant humiditv 
apparatus devised by the authors is reliable and obtains constant humidity 
conditions either at constant temperatures or under contemns subject to the 
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ordinary diurnal fluctuations of temperature In each of the different grades 
of humidity from 10 to 90 per cent the apparatus has been observed to work 
efficiently and to maintain a constant humidity with only a small deviation which 
was generally less than ±2 from the mean 

The tests detailed above (Experiments A to I) were run for three days each 
Owing to lack of time these observations could not be continued for longer periods 
In a few tests carried out over prolonged periods the apparatus was observed to 
maintain constant humidity for two weeks or e\en more One of these tests 
(Experiment L) wlucli was run for 18 days continuously discussed in a later 
part of this paper shows that the apparatus works efficiently even during prolonged 
observations 


Tests under temperate conditions 

The above observations were carried out at room temperatures m a tropical 
country and it was desired to test the apparatus foi its workability under temperate 
conditions For this purpose the apparatus was set in the cool room of the Calcutta 
School of Tropical Medicine (through the courtesy of the Dnector, Colonel H W 
Acton, ims) and observations made under temperate conditions The following 
two experiments show that the apparatus is reliable even under temperate conditions 


Experiment J 



Time 

Initial 

temporaturo, °C 

Den point, °C 

Relative humidity, 
per cent 

2nd Day 

3 30 r M 

20 0 

19 0 

94 0 

Ird „ 

1 rsi 

20 0 

19 0 

94 0 

5th „ 

4pm 

20 3 

19 0 

92 3 


Range of temperature during test 20 0°C to 20 3°C 

Average relative humidity 93 4 

Maximum deviation from mean humidity ±11 


Experiment K 



Time 

Initial 

tom pern ture, °C 

Dow point, °C 

Relative humidity, 
per cent 

2nd Day 

3-30 p m 

180 

-6 0 

20 6 

3rd „ 

1pm 

18 5 

-0 0 

18 5 

5 th „ 

3 pm 

19 0 

-6 0 

18 0 

6 th ,, 

3 F M 

18 5 

-0 5 

17 8 

8th „ 

11-30 AM 

20 0 

-5 5 

17 6 

9th „ 

2-46 pm 

21 0 

-5 0 

17 1 
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Range of temperature during test 18 0°C to 21 0°C 

Average relative humidity 18 3 

Maximum deviation from mean humidity ±2 3 

These two experiments, one with a high humidity and the other with a low 
humidity, show that even under temperate conditions this humidity control 
apparatus is capable of maintaining a constant humidity with only a small deviation 
from the mean humidity value 

Suitability for keeping live mosquitoes 

It may be apprehended by some that although this apparatus is capable of 
maintaining constant humidity, it may not be good enough for keeping mosquitoes 
alive m it owing to lack of sufficient aeration withm the humidity chamber To 
determine whether conditions inside the closed humidity chamber were in any 
way adverse to the life of the mosquitoes, experiments were conducted with the 
apparatus after letting live mosquitoes into the humidity chamber Several such 
trials with this apparatus have shown that the amount of air available inside 
the chamber is sufficient to keep mosquitoes alive for many days at a stretch, 
and even for as long a period as 18 days as was observed m one experiment 
(Experiment L) the record of which is given below — 


Exfebiment L 


Apparatus set m the afternoon of the 1st day and mosquitoes let into the 

humidity chamber 



2nd Day 
3rd „ 

» J) 

4th Dav 

>> >> 
5tli „ 



Time 

o 

P 

M 

6 

A 

M 

1 

P 

At 

6 

A 

M 

1 

P 

M 

6 

A 

M 

1 

P 

M 

7 

A 

M 

7 

A 

it 

7 

A 

M 

1 

P 

M 

i 

A 


1 

P 

51 

7 

A 

M 

1 

P 

M 


temperature, °C Dee pomCC 


per cent 
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Table 1” 

Piesswc of aqueous vapour 
(Brocli) 

Metric Measures 

— 15° to +45° Centigrade, in millimetres of mercury 


Tomperatuio 


0 1° 

0 2° 

0 3° 

o 

° 

o 

Cl 

o 

0 0° 

o 

—I 

o 

O 

00 

o 

0 9° 

C 

mm 

mm 

mm 



mm 

min 



mm 

— 15° 

144 

143 

1 42 

1 10 

1 30 

1 3S 

1 37 



1 34 

14 

1 50 

1 55 

1 54 

1 52 

1 51 

1 50 

1 49 



145 

13 

1 00 

1 08 

1 07 

1 05 


1 03 

1 01 



1 57 

12 

1 84 

1 S2 

1 81 

1 79 

1 78 

1 70 

1 75 

1 74 

1 72 

1 71 

11 

1 99 

1 07 

1 90 

1 91 

1 03 

1 01 

1 00 

I 

188 

1 87 

1 85 

-10° 

215 

2 13 

2 12 

2 10 

2 03 

2 07 

2 05 

2 04 

2 02 

2 00 

9 

2 33 

2 31 

2 29 

2 27 

2 20 

2 21 

2 22 

2 20 

219 

2 17 

8 

2 51 

2 50 

2 48 

2 10 

2 11 

2 12 

2 40 

2 38 

2 36 

2 34 

7 

2 72 

2 09 

2 07 

2 05 

2 03 

2 01 

2 59 

2 37 

2 55 

2 53 

C 

2 93 

2 01 

2 89 

2 SO 

2 St 

2 82 

2 80 

2 78 

2 76 

2 74 

- 5° 

3 10 

3 14 

3 11 


| 3 07 

3 01 

3 02 

1 00 

2 OS 

2 95 

4 

3 41 

3 38 

3 3G 

3 33 

3 31 

3 28 

3 20 

3 23 

3 21 

3 18 

1 

3 07 

- 3 04 

3 02 

3 59 

3 50 

3 51 

3 51 

3 48 

3 40 

3 43 

2 

3 95 

3 02 

3 89 

3 80 

3 84 

3 SI 

3 78 

3 75 

3 72 

3 70 

1 

4 25 

4 22 

110 

4 10 

4 11 

4 10 

4 07 

4 04 

4 01 

3 98 

— 0° 

4 57 

4 54 

4 50 

4 47 

4 44 

4 41 

4 37 

4 34 

4 31 

4 2S 

+ 0° 

4 67 

4 00 

4 64 

4 07 


4 74 

177 

4 80 

4 84 

4 87 

1 

4 91 

4 04 

4 98 

5 02 

5 05 

5 09 

5 12 

5 10 

5 20 

5 23 

2 

5 27 

5 31 

5 35 

5 39 

5 12 

5 40 

5 60 

5 54 

5 58 

5 62 

3 

5 00 

5 70 

5 74 

5 78 

6 82 

5 86 

5 90 

5 94 

6 99 

0 03 

4 

6 07 

6 11 

0 15 

0 20 

0 24 

0 2S 

0 33 

0 37 

6 42 

0 46 


* Sec page 1095 
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Table I — contd 


Temperature 

O 

O 

O 

0 1° 

O 

O 

0 3° 

0 4° 

O 

1C 

o 

0 6° 

0 7° 

0 8° 

0 9° 

C 

mm 

mm 

mm 

mm 

mm 

mm 

mm 

mm 

mm 

mm 

5 

6 51 

6 55 

6 60 

6 64 

6 69 

6 74 

6 78 

6 S3 

6 88 

6 92 

6 

6 97 

7 02 

7 07 

7 12 

7 17 

7 22 

7 26 

7 31 

7 36 

7 42 

7 

7 47 

7 52 

7 57 

7 62 

7 67 

7 72 

7 78 

7 83 

7 88 

7 94 

8 

7 99 

S 05 

8 10 

8 15 

8 21 

8 27 

8 32 

8 38 

8 43 

8 49 

9 

8 55 

8 61 

8 66 

8 72 

8 78 

S 84 

8 90 

8 96 

9 02 

9 08 

+ 10° 

9 14 

9 20 

9 26 

9 32 

9 39 

9 45 

9 51 

9 58 

9 61 

9 70 

11 

9 77 

9 83 

9 90 

9 96 

10 03 

10 09 

10 16 

10 23 

10 30 

10 36 

12 

10 43 

10 50 

10 57 

10 64 

10 71 

10 78 

10 85 

10 92 

10 99 

11 07 

( 

13 

11 14 

11 21 

1128 

11 36 

11 43 

11 50 

11 58 

11 66 

11 73 

11 SI 

14 

11 88 

11 96 

12 04 

12 12 

12 19 

12 27 

12 35 

12 43 

12 51 

12 50 

15 

12 67 

12 76 

12 84 

12 92 

13 00 

13 09 

13 17 

13 25 

13 34 

13 42 

16 

13 51 

13 60 

13 08 

13 77 

13 86 

13 95 

14 04 

14 12 

14 21 

14 30 

17 

14 10 

14 49 

14 58 

14 67 

14 76 

14 86 

14 95 

15 04 

15 14 

15 23 

18 

15 33 

15 43 

15 52 

15 62 

15 72 

15 82 

15 92 

16 02 

16 12 

16 22 

19 

16 32 

16 42 

16 52 

16 63 

16 73 

16 8°, i 

16 94 

17 04 

17 13 

17 26 

-f-20° 

17 36 

17 47 

17 5S 

17 69 

17 80 

17 91 

18 02 

18 13 

18 24 

18 35 

21 

IS 47 

18 58 

18 69 

18 81 

18 92 

19 04 

10 16 

19 27 

19 39 

19 51 

22 

19 63 

19 75 

19 87 

1 19 99 

I 

20 11 

20 24 

20 36 

20 48 

20 61 

20 73 

23 

20 86 

20 98 

21 11 

2124 

21 37 

21 50 

21 63 

21 76 

21 89 

22 02 

24 

22 15 

22 29 

22 42 

22 55 

22 69 

22 83 

22 96 

23 10 

23 24 

23 38 












25 

23 52 

23 66 

23 80 

23 94 

24 08 

24 23 

24 37 

24 52 

24 66 

24 81 

26 

24 96 

25 K? 

25 25 

25 40 

25 55 

25 70 

25 86 

26 01 

26 16 

26 32 

27 

26 47 

26 63 

26 73 

26 94 

27 10 

27 26 

27 42 

27 58 

27 74 

27 90 

28 

28 07 

2S 23 

2S39 

28 50 

28 73 

28 89 

29 06 

29 23 

29 40 

20 57 

29 

29 74 

29 92 

30 09 

30 26 

30 44 

30 62 

30 79 

30 97 

31 15 

31 33 
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Table I — concld 


Temperature 

0 0° 

O 

o 

0 2° 

o 

CO 

o 

O 

O 

0 

UO 

O 

0 6° 

O 

r- 

o 

0 8° 

0 9° 

C. 

+30° 

mm 

31 51 

mm 

31 69 

nun 

11 87 

mm 

32 0G 

mm 

32 24 

mm 

32 41 

mm 

72 G1 

mm 

32 80 

mm 

32 99 

mn 

33 18 

31 

33 37 

33 56 

33 75 

33 94 

34 ]4 

34 33 

3153 

31 72 

34 92 

3512 

32 

35 32 

35 52 

35 72 

35 92 

30 13 

36 33 

36 54 

36 74 

36 95 

37 16 

33 

37 37 

37 58 

37 79 

38 00 

3S 22 

38 43 

38 65 

38 87 

39 OS 

39 30 

34 

30 52 

39 74 

39 97 

40 19 

40 41 

40 64 

40 87 

41 00 

41 32 

41 55 

35 

41 78 

42 02 

42 25 

42 48 

42 72 

42 96 

43 19 

43 43 

43 67 

13 02 

36 

44 1G 

44 40 

44 65 

44 S9 

45 14 

45 39 

45 04 

45 89 

46 14 

46 39 

37 

46 65 

46 90 

47 16 

47 42 

47 68 

47 94 

48 20 

48 46 

48 73 

48 90 

38 

49 26 

49 53 

49 80 

50 07 

50 34 

50 61 

50 S« 

51 16 

51 44 

51 72 

39 

52 00 

52 28 

52 56 

52 84 

53 13 

53 41 

53 70 

53 90 

54 28 

54 57 

+40° 

54 87 

55 16 

55 46 

55 75 

56 05 

56 35 

56 65 

56 95 

57 26 

57 56 

41 

57 87 

58 18 

58 49 

5S 80 

50 11 

50 43 

50 74 

60 06 

60 38 

60 70 

42 

61 02 

61 34 

61 66 

61 99 

62 32 

62 65 

62 9S 

63 31 

63 64 

63 97 

43 

64 31 

64 65 

64 99 

65 33 

65 67 

66 01 

66 3b 

66 71 

67 05 

67 41 

44 

67 76 

68 11 

68 47 

6S S2 

69 18 

69 54 

60 90 

70 26 

70 63 

70 99 

45 

- 

71 36 

71 73 

72 10 

72 48 

72 85 

73 23 

73 CO 

73 08 

7136 

74 75 
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Table II* 

Piessutc of aqueous vapou) 

(Brocli) 

English Measure 

0° to 115° Fahrenheit, m inches of mercury 


Temperature 

O 

o 

o 

0 2° 

0 4° 

0 6° 

0 8° 

F 

Inch 

Inch 

Inch 

Inch 

Inch 

O 

© 

o 

+ 

0 0419 

0 0454 

0 0458 

0 0462 

0 0467 

+ io° 

0471 

0475 

0480 

0184 

0489 

to 

o 

o 

0493 

019S 

0503 

0507 

0512 

3 0° 

0517 

0522 

0526 

0531 

0536 

O 

o 

0541 

0546 

0551 

0556 

0561 

5 0° 

0567 

0572 

0577 

0582 

05SS 

6 0° 

0593 

0598 

1 

0604 

0609 

0615 

7 0° 

0620 

0626 

0632 

0637 

0643 

8 0° 

0619 

0655 

0661 

| 

0687 ! 

0673 

9 0° 

0679 

06S5 

0091 

1 

•0697 

0704 

+ 10 0° 

0710 

0716 

07 23 

0729 

0736 

110° 

0742 

0749 

0756 

0762 

0769 

12 0° 

0776 

0783 

0790 

0797 

0804 

13 0° 

0811 

081 S 

0825 

0832 

0840 

14 0° 

0847 

0854 

0862 

0869 

0877 


* See page 1095 
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Table II — could 


Temperature 

0 0° 

0 2° 

o 

o 

0b° 

0 8° 

F 

Inch 

Inch 

Inch 

Inch 

Inch 

15 0° 

0 0885 

0 0S92 

0 0900 

0 0908 

0 0916 

16 0° 

0924 

0932 

0940 

0948 

0956 

17 0° 

0965 

0973 

09S1 

0990 

0999 

18 0° 

1007 

1010 

1024 

1033 

1042 

19 0° 

1051 

1060 

1069 

107S 

10S7 

+ 20 0° 

1097 

1106 

1115 

1125 

1134 

ro 

o 

o 

1114 

1154 

1163 

1173 

11S3 

22 0° 

1193 

1201 

1213 

1223 

1234 

23 0° 

1244 

1255 

1265 

1276 

1287 

21 0° 

1297 

130S 

1319 

1330 

13il 

25 0° 

1352 

1361 

1375 

13S6 

1398 

26 0° 

1409 

1421 

1433 

1445 

1457 

27 0° 

1469 

1481 

1493 

1505 

15 IS 

28 0° 

1530 

1543 

1555 

1568 

1581 

29 0° 

1594 

1007 

1620 

1633 

1646 

+ 30 0° 

1660 

1673 

1687 

1700 

1714 

310° 

1728 

1742 

1756 

1770 

1784 

32 0° 

j 1799 

1813 

1828 

1842 

1857 

33 0° 

1872 

1887 

1902 

1917 

1933 

34 0° 

1948 

1964 

1979 

1995 

2011 
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Table II — could 


Temperature 

O 

o 

o 

0 2° 

0 4° 

0 6° 

F 

Inch 

Inch 

Inch 

Inch 

35 0° 

0 2027 

0 2043 

0 2059 

0 2076 

36 0° 

2109 

2125 

2142 

2159 

37 0° 

2193 

2210 

2228 

2245 

38 0° 

2281 

2298 

2316 

2334 

39 0° 

2371 

2390 

2408 

2427 

+ 40 0° 

2465 

2484 

2503 

2523 

41 0° 

2562 

2582 

2601 

2621 

42 0° 

2662 

2683 

i 

2703 

2724 

43 0° 

2766 

2787 

i 

2808 

2830 

44 0° 

2873 

[ 2895 

2917 

2939 

45 0° 

2984 

3007 

3030 

3053 

46 0° 

3099 

3123 

3146 

3170 

47 0° 

3218 

3242 

3267 

3291 

48 0° 

3341 

3366 

3391 

3416 

49 0° 

3467 

3493 

3519 

3540 

f- 50 0° 

3598 

3625 

3652 

3679 

O 

O 

t—t 

lo 

3734 

3761 

3789 

3817 

52 0° 

3874 

3902 

3931 

3960 

53 0° 

4018 

4048 

4077 

4107 

54 0° 

4168 

4198 

4229 

4259 

55 0° 

4322 

4353 

4385 

4417 

56 0° 

4481 

4513 

4546 

4579 

57 0° 

4645 

4679 

4712 

4746 

58 0° 

4815 

4849 

4884 

4919 

59 0° 

4990 

5025 

5061 

5097 




- 



o 8° 


Inch 
0 2092 
2176 
2263 
2353 
2446 

2542 

2642 

2745 

2851 

2962 

3076 

3194 

3316 

3442 

3572 

3706 

3845 

3989 

4137 

4290 

4449 

4612 

4780 

4954 

5134 
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Table II— could 


Temperature 

O 

O 

O 

0 2° 

0 4° 

0 6° 

O 

00 

0 

F 

Inch 

Inch 

Inch 

Inch 

Inch 

f- 60 0° 

0 5170 

0 5207 

0 5244 

0 52S2 

0 5319 

010° 

5357 

5395 

5433 

5471 

5510 

62 0° 

5549 

5588 

5628 

5067 

5707 

63 0° 

5748 

5788 

5829 

5870 

5911 

64 0° 

5952 

5994 

0036 

0078 

0120 

65 0° 

6163 

0206 

6249 

6293 

6337 

66 0° 

6381 

6425 

6470 

6519 

6560 

67 0° 

6005 

6651 

0097 

6743 

0789 

68 0° 

6830 

0883 

6930 

0978 

7026 

69 0° 

7074 

7123 

7172 

7221 

7270 

+ 70 0° 

7320 

7370 

7420 

7471 

7522 

710° 

7573 

7025 

7670 

7628 

7781 

0 

0 

CM 

L- 

783 i 

7887 

7940 

7994 

8048 

73 0° 

8102 

8157 

8212 

8267 

S323 

74 0° 

8379 

8435 

8492 

8549 

8606 

75 0° 

8664 

8722 

8780 

8839 

8898 

76 0° 

8957 

9017 

9077 

9137 

9198 

77 0° 

9259 

9321 

9383 

9445 

9507 

7S 0° 

9570 

9633 

9097 

9761 

9S25 

79 0° 

9S90 

9955 

1 0021 

1 0087 

1 0153 

+ 80 0° 

1 0219 

l 0280 

0354 

0422 

0490 

81 0° 

0558 

0027 

0697 

0767 

0837 

82 0° 

0907 

0978 

1050 

1121 

1194 

83 0° 

1266 

1339 

1413 

14S7 

1561 

810° 

1635 

1710 

1786 

1862 

1938 
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Table II — contd 


Temperature 

O 

o 

o 

0 2° 

0 

Ml 

O 

I 0 6° 

0 8° 

1 

Inch 

Inch 

Inch 

Inch 

Indi 

85 0° 

0^015 

0 2093 

0 2170 

0 224S 

0 2327 

86 0° 

2406 

2485 

2565 

2645 

2726 

87 0° 

2807 

2889 

2971 

3054 

3137 

88 0° 

3220 

3304 

3388 , 

3473 

3568 

89 0° 

3644 

3731 

381 S 

3905 

3993 

J- 90 0° 

14081 

1 4170 

14259 

I 4349 

1 4439 

910° 

4530 

4621 

4712 

4805 

4897 

92 0° 

4990 

5084 

517S 

5273 

5368 

93 0° 

5464 

5560 

1 

5657 

5755 

5853 

94 0° 

5951 

6050 

6149 

6249 

6350 

95 0° 

6451 

6552 

6655 

6758 

6861 

96 0° 

6964 

7060 

7174 

7279 

7385 

97 0° 

7492 

7599 

7707 

7S15 

7924 

98 0° 

8094 

S144 

8254 

8366 

8477 

99 0° 

8590 

8703 

8817 

8931 

9046 

+ 100 0° 

9161 

9277 

9394 

9511 

9629 

t— * 

O 

O 

o 

9747 

9867 

9986 

2 0107 

2 0228 

102 0° 

2 0349 

2 0471 

2 0594 

0718 

0842 

103 0 Q 

0967 

1092 

1218 

1 345 | 

1473 

104 0° 

1601 

1730 

1S59 | 

1989 

2120 

105 0° 

2251 

2384 

i 

2516 

2650 

2784 

106 0° 

2919 

3054 

3190 

3327 

3465 

107 0° 

3603 

3742 

3882 

4023 

4164 

10S 0° 

4306 

4449 

4592 

4736 

4881 

109 0° 

5026 

5172 

5319 

5467 

5616 
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Table II — covet d 


Temperature 

0 0° 

0 2° 

F 

Inch 

Incl) 

+ 110 0° 

0 5765 

0 5915 

111 0° 

6522 

6076 

112 0° 

7299 

7457 

113 0° 

8096 

S257 

114 0° 

8912 

9078 

115 0° 

1 

1 

8749 

9919 


o 

o 

0 6° 

0 8° 

Inch 

Inch 

Inch 

0 6066 

0 0217 

0 6369 

6831 

0980 

7142 

7016 

7775 

7935 

8420 

8583 

8747 

9214 

9412 

9580 

3 0089 

3 0261 

3 0433 
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ON THE ELECTRIC CHARGE OF ERYTHROCYTES 

Part I. 

EFFECT OF pH AND QUININE BIHYDROCHLORIDE 

BY 

Lieut -Colonel R N CHOPRA, m a , m x> (Cantab ), i m s , 

ANT) 

S G CHAUDHURY, m sc 

{Fiorn the Department of Pharmacology, Calcutta School of Tropical Medicine 

and Hygiene) 

Indigenous Drugs Inquiry, I R F A Senes No 30 
[Received for publication, December 18, 1931] 


Introduction 

The study of the electric charge of mammalian erythrocytes, bacteria and 
protozoa forms an interesting branch of biochemistry m view of its relation to 
hsemolysis(l, 2 & 3), agglutination, immunity and other biological processes(4, 5, 6, 
7, 8, 9, 10, 11 & 12) This property also appears to have some bearing on the toxicity 
of alkaloids towards bacteria, protozoa, etc (13) The earlier investigators have 
mainly concerned themselves with the determination of the iso-electric point of the 
corpuscles or bacteria, and the variation of the charge with acidity and correlating 
these results with those of agglutination In view of the improved technique 
recently made available on the measurement of cataphoretic velocities by the 
microscopic method, through the work of Freundhch and Abramson(14), it was 
considered desirable to study this property more closely m relation to the relevant 
biological processes The object of this series of papers, of which the present one 
forms the preliminary part, is to measure the cataphoretic velocity of erythrocytes, 
protozoa, or bacteria under difierent conditions and to correlate them with biological 
processes m the light of the modern theories of colloid chemistry 
J, mr ( ms ) 


9 
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Methods 

The apparatus used by us is essentially the same as that of Northrop(7) as 
modified by Freundhcli and Abramson ( loc cil ) , only the mam cell can be detached 
from the electrode vessels (with a three-way stop-cock) This modification enables 
one to clean the cell and the electrode vessels much more thoroughly and with 
greater ease The dimensions of the particular cell used were 7 5 cm , 0 95 cm 
and 0 09 cm * 

Suspensions of human red cells were prepaied in noimal (0 85 pet cent) saline 
solution To 1 c c of blood, 0 1 c c of 2 per cent potassium oxalate solution was 
added The cells were then centrifuged and washed 6 times with 0 85 per cent 
saline solution Experiments were carried out noth 1 per cent suspensions Eed 
cell suspensions were never used after two days from the day of preparation 
Preliminary experiments were cairied out that showed that the cataphoretic velocity 
does not change with this procedure (Table I) The suspensions were always kept 


* The following scheme of calculating tho potential gradient is more convenient and 
perhaps also more accurate than that suggested by Northrop(7) or Brown and Boom(15) 
It follows from Ohm’s law that E, tho drop in potential per cm in the cataphoresis cell, is 




(i) 


where c is the curront, A tho specific conducts ity of the suspension and q the cross section of the 
cell This procedure also ensuics that tho conductance of tho suspension has not undergone any 
change duo to some accidental causes such ns beating effect or migiation of ions from the electrode 
vessels into the coll or vice versa, as anv such change w ould bo easily detected by a concomitant change 
in the current strength It is also ven important to ensure that the cell is of uniform cross section 
all along its length, for tho valuo of tho potential gradient depends on this magnitude and lienee the 
modification of tho Northrop Kumt7(16) micro cataphoresis cell (made of pyrex or jenn glass draw n 
out sideways but not of uniform cross section) ns later on suggested b\ Abramson(17) is not desirable 
To avoid this error, Abramson suggests that bans should be crossed and cemonted on to tho top of 
the cell with Canada balsam and that bj taking the point of crossing of the hairs ns a reference mark, 
measurements could bo taken ahvays at the same point in tho coll Tins is perhaps also the reason 
why he defines q as tho cross section of the coll at the. point of vuasurcmcnl ( loc cit ) Evidently it is 
overlooked that the corpuscles would movo through a certain distance and it is not at all certain that 
q would retain the same \aluo throughout this distance From tlieso considerations it is evident 
that the modified apparatus suggested by Ereundhch and Abramson ( loc ut ) is to bo preferred The 
electrodes used weie non polarizable and of the type Cu CuS0 4 — agar in isotonic sahno solutions 
Readings were taken at least three times first and tho current being reversed they wore repeated again 
The microscope was provided with a 28 X ocular fitted with micromotor and a 20 X acliromntic objec 
tive This magnification was sufficient for our purpose 

The cataphoretic velocity can bo calculated fiom Sniolucbowski’s equation 

V = l V i + l Vi (2) 

where Vi and VA are the observed velocities of tho corpuscles at ’ th and { height of tho cell It is 
more accurate to measure tho velocity at different heights and extrapolating the values of Vi and 
Vi from a curve obtained from cataphoretic velocities at different heights and to insert them in 
equation(2) But for our present purpose, where proteins and substances of similar nature are absent 
(Northrop, loc cit ), measurements of the velocities at Jth and I height of the chamber are sufficiently 


accurate 
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m ]eaa glass test-tubes m the cool room, when not m use The results of these 
preliminary experiments are given in Table I where V denotes the cataphoretic 
velocity of the red cells m cm per sec per volt per cm 

Table I 

Effect of ageing on the chmge of 1 per cent suspension of led cells 



V X 10 5 

1 Fresh suspension 

11 1 

24 hours old 

10 9 

48 „ ,, 

11 5 

2 Fresh suspension 

9 7 

24 hours old 

10 1 

48 „ „ 

99 


These experiments show that the negative charge of human red cells are not 
changed on keeping m the cool room for about 48 hours — a result similar m nature 
to that already obtained by Freundlick and Abramson with suspensions of horse 
red blood corpuscles Next, experiments were carried with suspensions obtained 
from the blood of different normal individuals and the results are given m 
Table II where V signifies as before 


Table II 


The vanahon of the c Jmge of led blood cells f) om diffeient individuals 



Vx 10 c 


v x io c 

1 

11 1 

6 

11 17 

2 

12 7 

7 

12 9 

3 

11 3 

S 

12 05 

4 

12 5 

9 ! 

115 

5 

13 1 

10 

12 3 


appears, therefore, that red cells obtained from the blood of different mdivi- ' 
apparently normal do not possess the same amount of negative charge ' 
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therefore, m our subsequent experiments, we restricted ourselves to the same 
sample of blood drawn from one individual m order to study the effect of a 
particular variable 


Effect of pH on the negative chai ge of R B G 
In order to study the effect of hydrogen ion concentration on the negative 
charge of human red blood cells, the suspensions were mixed with Sorensen buffers 
of different pH values such that the final concentration of the suspension in the 
mixture becomes 1 per cent The results are given m Table III and have 
been obtained from the same sample of blood drawn from the same individual 
Experiments were carried out within half an hour of the mixing the suspension 
with the buffer 


Table III 

Effect of pH on the chmge of It B C suspended, m normal saline 


pH value 

V X 10 5 

55 

13 6 


•n 

60 

140 : 

65 

14 3 ’ 



70 

15 4 

7 5 

15 9 

80 

16 6 


These experiments show that with decrease m the hydrogen ion concentration, 
the negative charge of the erythrocytes increases but very slightly Christophers 
(loc cit ) suspended the red blood cells m isotonic glucose solution and studied the 
variation of their cataphoretic velocity with hydrogen ion concentration with the 
addition of hydrochloric acid or caustic soda and as such these results cannot be 
compared with those obtained by him They, however, are similar to those 
obtained by Abramson(17) m more acid solutions with acetate-acetic acid buffers 
Red cell suspensions were also prepared m isotonic glucose (Merck’s pure dextrose 
was taken) and the variation (5 8 glucose as suggested by Christophers) of the 
charge with change m hydrogen ion concentration with buffer has been studied 
The results are given m Table IV where pH values indicated are those of the buffer 
solutions 
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Table IV 

Effect of pH on the dun ge of R B C suspended in isotonic glucose solution 


pH value 

V X 10 5 

! 

5 5 

21 5 

6 0 

23 9 

65 

27 8 

7 0 

32 0 

7 5 

35 3 

80 

37 5 


Comparing the results m Table XV with those m Table III we see that the 
variation of the negative charge with pH values is greater m the case of suspensions, 
prepared m isotonic glucose solution These results were also obtained within 
half an hour of the mixing of the suspension with the buffer 

Effect of quinine bibtydeochlobide on the charge of B B C at 

DIFFERENT pH VALUES 

Next the behaviour of the corpuscles suspended both in. normal saline and 
isotonic sugar solutions m presence of different concentrations of quinine bihydro- 
chldnde has been studied The results are given in Table V, where it will be seen 
that the variation of the charge with concentration of the alkaloid al salt is greater 
m isotonic glucose than m normal saline solution These results were obtained 
within about 15 minutes of the time of mixing and it will also be seen that with 1 
in 1,000 quinine bihydrochloride, there is a time effect on the cataphoxetic velocity 
of R B Cs suspended m normal saline solution Within 2 hours of mixing of the 
salt, there was also partial ksemolysis As we noticed this time effect with 1 m 
1,000 dilution, we, however, did not proceed up to this dilution m Other cases 
The study of this time effect is interesting and is left for the present for 
future investigation It was, therefore, thought desirable to study the effect of 
changing the pH value on the charge of B B C in presence of quinine 
bihydroehlotide in isotonic glucose solutions only It is to be noted that the 
mixture was prepared m such a way that the final concentration of E B C was 
I per cent, and that of the salt was the concentration desired 

Usually 10 c c of a 5 per cent suspension and 1 c c of the salt of 50 times 
stronger concentration and 39 c c of a buffer of definite pH value were mixed 
The velocities were all measured within 15 minutes of the time of mixing It will be 
seen that the higher the alkalinity of the medium of suspension, the greater is also 
the variation m the charge with concentration 
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Table V 

Effect of quinine bihydrochlonde on 1 per cent suspension of R B C 


Strength of the salt 

V X 10 c 

In normal salnio 

In isotonic glucose solution 


0 

-10 2 

-32 0 

1 m 

100,000 

-15 0 

-29 0 

1 in 

50,000 

-15 5 

-28 0 

1 in 

10,000 

-14 5 

-180 

I in 

5,000 


- 80 

1 in 

1,000 

—3 S (uitlnn 10 mins*) 
4 8 (after 4 hour) 

3 5 ( „ 2 hours) 

| During li'cmolysis 


Table VI 

Effect of quinine hihyib ochlonde at different pH values on the chaujc of 1 pei cent 
suspension of It B C m glucose solution 


pH value of the 
buffer 

i 

V X 10° AT DILUTION OT 

THF S ILT 


0 

1 in 100,000 

1 in 50,000 

1 111 10,000 

1 m 5,000 

0 

23 9 

213 

19 5 

17 8 

12 0 

7 

32 0 

29 0 

27 9 

18 5 

10 0 

8 

37 5 

. 

34 2 

1 

30 9 

22 0 

1 

13 0 


Discussion 


Physico-chemical — It is customary to interpret these data on cataplioretic 
velocity m terms of the Lamb-'Helmlioltz equation 


E 


4 ir i] V 

H D 


( 3 ) 


where qj- gives the values given above (cataphoretic velocities), y the coefficient of 

viscosity, D the di-electric constant of the medium and t the electrolanetic poten- 
tial When the values of D and n are taken to be constant, V is proportional to the 
potential e at the interface From our results we see that the cataphoretic velocity 
of erythrocytes suspended m normal saline is 16 2 XlO- 5 cm per sec per volt per cm 
whereas the same m isotonic glucose solution is 32X10- 6 m the same units Now 
the di-electric constant of a solution of sodium chloride (0 85 pet cent) is high and 
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that of an isotonic solution of glucose may lie assumed to be low in the light of the 
experiments of Pecliold(18), Furth(19) and Harrmgton(20) The former authors 
have shown that the D C of a solution of an uni-univalent salt at first decreasing 
increases with the concentration of the salt while the latter has shown that non- 
electrolytes (one of which was cane-sugar) m general depress the di-electric constant 
of the water Writing equation (3) m a modified form and putting v' for v/H we 
see that 

V'n = (4) 

from which we see that if the di-electric constant decreases, the velocity ought to 
decrease (viscosity differences between these solutions are negligible, so that they 
fail to explain the wide variation m the results) But we find that the cataplioretic 
velocity of erythrocytes m glucose solution is much higher though present m a 
medium of a lower di-electric constant Hence in order that the equation might 
hold good, we are to assume the rise of the potential by more than about 200 per 
cent, a possibility which on the very face of it appears to be doubtful 

It appears, therefore, better to interpret these results m terms of the density of 
charge on the surface than in those of the potential Moreover equation (3) or (4) 
has for its fundamental basis a term involving the density of charge, from which 
with further assumptions (whose validity has been questioned by different 
investigators) they, m the fofms given above, have been deduced In the light of 
modern researches m colloidal chemistry (21, 22, 23, 24 & 25) into which we need 
not go further, it has been becoming more and more clear that the ca'taphoretic 
velocity should preferably be interpreted in terms of the density of charge on 
the surface 

It is, therefore, sufficient to know for our purpose that the cataphoretic velocity 
is proportional to the density of charge on the surface of erythrocytes The origin 
of the charge of such particles and their variation in presence of electrolytes and 
non-electrolytes can be best understood m the light of the theory of the double 
layer due to Mukherjee(26) A colloidal particle or a particle of suspension m its 
process of formation absorbs a certain species of ions on its surface because of its 
residual chemical affinity Due to the charge so acquired, a number of oppositely 
charged ions are attracted towards the surface, some of which remain bound and 
others aie free depending on the concentration of oppositely charged ions The 
number of ions, which have a kinetic energy greater than that corresponding to the 
work W, are free, where 


w _ n i n 2 
Dx 


(5) 


JL-'-A. \ / 

in which iq is the valency of the primarily absorbed ion, n 2 the valency of the 
oppositely charged ion, E the electronic charge, D the di-electnc constant and x 
he distance between the centres of the ions at the point of their nearest approach 
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Tlie density of charge will then be determined by the number of primarily absorbed 
ions per unit surface and the number of oppositely charged bound ions on the same 
area and their respective valencies It is very difficult to suggest definitely the 
cause of the origin of the charge on the surface of erythrocytes, but it is possible 
that the primarily absorbed ions might be complex organic anions or hydroxyl ions 
or both When suspended m normal saline, it is evident that depending on the 
concentration of sodium ions, a number of them will be bound and thus the charge 
acquired m such a solution will naturally be much less than that an isotonic sugar 
solution where practically the number of oppositely charged ions (1 e , sodium) is 
nil The effect of the change of the hydrogen ion concentration will also be less 
marked m sodium chloride solution, where the di-electnc constant is high (therefore 
absorption of bound ions will be low) and the number of places to be covered by 
hydrogen ions is less Whereas m isotonic sugar solution where the di-electnc 
constant is low and the number of bound ions already present are few, the hydrogen 
ions will at once be attracted and the charge, and hence the cataphoretic velocity, 
will decrease to a greater extent With increase in hydroxyl ion concentration, the 
charge will increase more rapidly, since these hydroxyl ions will be chemically 
absorbed by the erythrocytes much more easily than m sodium chloride solution, 
where they have to pass through a number of bound sodium ions which will naturally 
hamper their progress towards the surface 

The effect of the addition of the quinine bihydrochloride can also be explained 
similarly Comparing the results in presence of saline and isotonic sugar solutions, 
we see a higher absorption of the positive alkaloidal ion m presence of sugar which is 
what we expect because of the lower di-electric constant in the case of isotomc 
sugar solutions The time effect on the charge, i e , the variation of the charge and 
its subsequent reversal with time m I m 1,000 quinine bihydrochloride solution 
can also be explained from this point of view It will be seen that at this concentra- 
tion, partial haemolysis takes place, which shows that the surface of the erythrocytes 
is undergoing some change and some time must elapse before a fresh equilibrium 
between the ions on the surface of the erythrocytes and those m the solution is 
reached The concentration of positive alkaloidal ions is here high, so that they 
are able to reverse the charge of the erythrocytes Next as with increase in 
alkalinity of the medium a higher density or negative charge is acquired by the 
erythrocytes, we find also a greater absorption of the alkaloidal ions The number 
of positively charged alkaloidal ions attracted towards the siirface will naturally be 
higher, where the initial density of charge is high It is hoped that these few 
remarks will suffice for the elucidation of the facts mentioned above 

Biochemical point of view 

The fact that on the alkaline side a higher absorption of the alkaloidal ion takes 
place, supports the view put forward by the authors(13) that the higher toxicity 
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of tlie quinine alkaloids in alkaline solutions naiglit at least m part be attributed to 
the higher negative charge acquired by Paiamoecium caudatum in alkaline solutions 
From these and other considerations set forth in oiir previous paper ( loc cit ) we can 
also understand why thdre is higher concentration of quinine when administered 
with allcali It is to be remembered that in concluding that paper, we noted ‘ it is 
difficult to exp 1 am the action of the drug itself on the malarial parasites, though a 
greater curative effect m alkaline solutions can be correlated with higher rate of 
absorption by the intestinal cells with the consequent greater concentration of 
quinine m the mesenteric blood Morgenroth(27), however, put forward an 
interesting theory that quinine and the related alkaloids, when added to blood, 
accumulate in or on the red blood corpuscles, the serum or plasma retaining only a 
low proportion Contiary to this Acton and Kmg(28) find an equal distribution 
between serum and red blood corpuscles Analytical determinations, however, 
give an imperfect idea of electrical absorption It would be interesting, therefore, 
to see the effect of these low concentrations on the density of electrical charge of the 
red blood cells at different pH values ’ These determinations have been carried 
out and, though they certamly explain partly at least the higher toxicity of these 
drugs towards Paiamtvcium caudatum or the presence of higher concentration of 
the quinine in the blood when administered with alkali, it will be seen that those 
concentrations of the alkaloidal salt (1 m 100,000 and lower), which are obtained m 
• the blood, have virtually little or no apparent effect on the negative charge of the 
erythrocytes when they are suspended either m normal saline or even m isotonic 
glucose solution It is, therefore, expected that in the blood which is a much more 
complicated system and where m addition to sugar and sodium chloride, there 
are present other orgamc and moigamc substances, the negative charge of the red 
blood corpuscles should not change m presence of these low concentrations of 
alkaloid 

This fact, then, appears to go against the theory of the activity of quinine 
salts as suggested by Morgenroth ( loc cit ) and appears to confirm that of Acton 
and Chopra(29) who think that quinine salts have no direct action on the malarial 
parasites, at the concentrations of the salts that are generally obtained m the blood, 
their action being only to retard the growth and development of more malarial 
'parasites This conclusion is, however, to be accepted with caution as there are 
no data on the time effect of these low concentrations of salts on the cataphoretic 
velocity of erythrocytes from day to day 

Summary and conclusions 

1 The negative electrical charge of erythrocytes m isotonic glucose is more 
susceptible to changes m ionic environment than in normal saline solution The 
higher the alkalinity of the environment, the greater is the negative charge 
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2 The greater diminution in the negative charge on the alkaline side of the 
medium in presence of a definite concentration of quinine bihydrochloridc shows a 
relatively higher absorption of basic alkaloidal ions 

3 These facts suggest that the higher activity of quinine salts m an alkaline 
solution is at least partly due to the relatively higher absorption of the alkaloidal 
ions m such a medium 
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The five species dealt with in tins paper are all characterized by having a 
striped thorax and possess simple claws in the female They all belong to the 
subgenus Svmulium and together with the species described already, m Parts I 
and II of this study, form a separate group, members of which differ from practically 
all other species of this subgenus, so far known from India, m having the anterior 
surface of the tibiae conspicuously silvery white The only exception appears to be 
S mdicwn, which, however, can easily be distinguished from all these by the golden 
pubescence on its frons, which is practically bare in the species fofming the above 
group 

SimuHum (Sunulium) hneatum sr n 

FEMALE 

Head black with short slender, dark hairs on the occiput, present though 
scanty on the face and a few also along the lateral borders of the frons Erons 
somewhat shining black, nearly parallel sided, being only slightly narrowed m the 
region of the antennse, its width about the middle is a little less than half its length 
Face dusted with ash grey Antennas In the type specimen the scape, three 
basal segments and the base of the 4th segment of the flagellum are orange yellow, 
while the rest is nearly black with very fine pale pubescence The colour of the 

( 1125 ) 
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basal portion of the antenna, however, varies m the different paratype specimens 
from yellow to red and reddish brown In the majority of them the whole of the 
antenna is somewhat reddish, the basal one-third is dark red, gradually becoming 
reddish brown to nearly black towards the tip Palpi nearly black 

Tltotdx — Mesonotum covered with golden pubescence, partly rubbed off on 
the dorsum m the type specimen When viewed from m front the mesonotum* 
is grey with a narrow median and two broader submedian black stripes forming a 
lyre-shaped pattern The median line does not reach the anterior border while 
the two sub-median stripes are continued along the anterior border and are connected 
to the still broader stripes running a little internal to the lateral border The 
outermost stripes are about twice as wide as the sub-median ones which agam are 
double the width of the median stripe All the five black lines are connected to 
each other practically in level with the wing bases The colours are as usual 
reversed when the mesonotum is viewed from behind Scutellum is brownish 
black, covered with golden pubescence and long, black, marginal hairs Pleurae 
dark grey, membranous area bare 

Abdomen — The first segment brownish, the basal scale yellowish brown and 
the fringe of hairs golden, second segment yellowish brown with light grey dustmg 
on dorsum, the rest dark bTown Tergites of segments 6-8 shining and nearly 
black, with short and slender pale hairs scattered on them, some present also on the 
anterior segments Venter somewhat pale biown Terminalia (Plate LV, fig 1) 
Harrs on the ventral surface of segment seven, uniformly distributed , stermte of 
segment eight with narrow lateral ends, postenox border somewhat rounded, fairly 
strong macrosetae on the an tero -lateral portions, the middle one-fourth bare 
Anterior gonopophyses uniformly covered with miciosetse but, with on each, one 
to three macrosetse only Their interno-lateral borders are not thickened and are 
widely separated, considerably diverging posteriorly Paraprocts and cerci are of 
moderate size, the former chitimzed only on the outer side 

Legs — Fore coxae and trochanters pale yellow, the latter greyish distally , 
femora yellow with the tip greyish , tibiae also yellow with the distal one-fifth 
black, the outer surface with a large silvery white spot, tarsi black, moderately 
flattened, the first segment about 5 tunes as long as its greatest width at the distal 
end Segments one and three with the usual pair of long black hairs, snbtermm- 
ally on their posterior border Middle and kind coxae dark grey (nearly black) , 


* The pattern found on the mesonotum of this species differs from that in rhnstophersi in that 
the outermost stripes lie not along the lateral border but a little internal to it, uud also in that this 
stripe is about twice as uide as the sub median one, unlike those of the latter species m w Inch they 
are nearly equal in width From that found m <jrisetfron& it differs m that the median stripe is not 
exceptionally narrow, the sub median stupes are more or less uniformly broad throughout their 
length, the outermost stripe runs a little internal to the lateial border and is connected to the 
sub median line along the anterior boidei 



I M Pun 


1127 


, , . ra vP n owls fi W ith dark distal ends, femoia' greyish yellow with dark 

roehanters tke tip of that of the middle and the distal 

r °To irfch of that of the hind leg black, posterior surface of both extensively silvery 

Ite Ba |fl“ 

, 11f of tke krs t and the base of the second tarsal segment of the hmd eg 

veC,h it of tie Mack All yellow parts of the legs wrti fine pale 
Golden pubescence Pedisulcns well marked , calcipala of moderate size, extending 
° +n 4 .fi e former All claws simple, without a sub basal tooth 

-Normal, hyatae, rates bare up to the fork, ratel seotoi ample, 

concave vein Halteres pale yellow 

Wine-length nearly 3 mm ,, 

Posterior end of buccal cavity without any cluster of protuberances on the 

ventral surface The posterior border is, however, thickened into a ehitmous 
nm and produced into the pharyngeal cavity as a small truncated cone-like process 

with smooth lateral walls , 

Burca of the usual form and spermatheca single, globular and dark brow 

MALE . 

Head black, with a fringe of short black hairs on the occiput Pace 'wktis 

grey, with sparse black hairs along its borders Antennse reddish, becoming black 
gradually towards the tip, with very fine whitish pubescence Palpi browms 

Thorax — Mesonotum is covered uniformly and densely with short golden 
pubescence, somewhat rubbed off m tbe middle m the type specimen When 
viewed from m front the mesonotum appears dusted with greyish white with narrow 
black longitudinal lines showing the same pattern as in the female hut the lines 
axe comparatively much narrower When viewed from behind the colours are 
reversed and the mesonotum appears velvety black with narrow grey lines In 
discoloured aud badly rubbed specimens this pattern becomes very faint and is 
not clearly seen, the portion at the anterior end being only visible In the antero- 
lateral corners are a pair of large elongated silvery spots which are seen whole 
and not only half at a time In certain lights the lateral as well as the posterior 
borders of the mesonotum appear conspicuously silvery Scutellum is black, 
covered with golden pubescence aud has a fringe of long black hairs Pleurae with 
whitish grey sheen, membranous area hare 

Abdomen — Velvet black, with scattered very fine pale hairs Silvery spots 
as usual on segments 2 and 5-7, those on segments 6 and 7 connected with each 


* In specimens fiorn Mercara (Coorg) the legs are comparatively daiker The middle and hind 
femora are extensively dark grey, latter being yellowish onlj near its base Except in the colour of 
the legs these specimens resemble those from Mananhane m every detail 
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other fo'rmmg a continuous curved spot , long hairs on the black basal scale dark 
brown Genital amiatuie (Plate LV, fig 2) — The coxites are short comparatively 
broader than they are long , styles of moderate length about three times as long 
as their greatest width near the base Distal to their widest part m the basal 
one-third, they are somewhat narrowed widening again only slightly near their 
posterior end From their dorsal surface near the inner edge, about one-third 
from the base, each sends upwards a hollow horn-like process which is about one- 
third the length of the styles The antenoi surface of these processes is raised 
into very small teeth-like protuberances Each style bears a single short subtertm- 
nal spine on its inner edge The inter-coxal piece (Plate LV, fig 3) has a moderately 
broad base from which a flattened, narrow, somewhat tapering, tongue-like process 
is produced downwards and bent forwards It is slightly expanded at its distal 
end The ventral surface of the inter-coxal piece is bare and smooth, except the 
pioxnnal broad portion on which there are always some transverse wrinkles and 
its lateral edges too are irregular, bemg broken up by some bioad serrations The 
spines forming a cluster on each side of the genital opening are comparatively very 
large 

Legs — Fote coxae, trochanters and femora greyish yellow, the last dark grey 
near the distal end , tibiae yellowish, distal half black, nearly the whole of the 
anterior surface silvery white , tarsi black moderately expanded, segment 1 about 
6 times as long as its greatest width near the distal end Middle coxae black , 
trochanters yellowish grey , femora greyish yellow (darker than the foie femora) 
dark grey neai the tip , tibia? pale yellow with a black tip, the posterior surface 
with a silvery white sheen , basal half of the first tarsal segment yellow, the rest of 
the middle tarsi black Hind coxae black , trochanteis yellowish grey , basal 
one-third of femora yellowish, gradually becoming black distally tibiae pale yellow 
on the basal one-third, the rest black, with a whitish sheen on the posterior surface 
of the basal portion , basitarsus pale yellow on the basal half, the rest of the tarsi 
black The hind basitarsus (Plate LV, fig 4) is moderately enlarged It is a 
little shorter than the tibiae (0 8 of the length of the lattci) and its proportionate 
width comparatively a little broader, its greatest breadth being 0 27 of its length 


* The amount of black pigment on the middle femora and hind femora and tibi o is verv vnriablo 
hi the various paratvpe specimens The distal one fourth to about three fourths of the middle fomora 
niay be dark grej while the hind femora vary fiom being neatly all black to having the black pigment 
only near the tip The distal half to practically th6 v hole of the hind tibuc mav be black, when the 
latter, only the posterior surface of the extreme base is whitish 

In specimen with very dark middle and hind legs the greyish pattern on tho mesonotum is not 
well developed In tho males of this species from Coorg, Meroara, and one specimen from Marianbarie 
even the foie femora aro yellowish black and the middle femora and hind femora and tibi e are nearly 
blaclr Tho mesothorax is velvet black without any grey lines having onl\ two large anterior grey 
spots 
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(while the greatest width of the tibiae is a trifle less than one-fourth its own length) 
The yellowish portions of the legs bear golden pubescence 

Wmgs as m female 

PUPA 

Size about 3 1x1 0 mm 

The integument of the head and thorax is brown closely covered with com- 
paratively ve°ry minute tubercles, they do not appear disc-like The head bears 
the usual three pairs of tricliomes which are moderately long and simple Unlike 
the species dealt with already (in parts 1 and IT of this study) the thorax bears 
5 instead of 4 pairs of tnchomes dorsally These are fairly long and may be simple 
or split a httle above their base into two or three branches The cuticular hooks 
on the dorsal as well as on the ventral surface are as m hmalciyense, but without 
any strongly chitmized sensory hair or hook on ventral surface of segment 4 '' 
Dorsally on segment 8 only, there is a continuous row of backwardly directed 
short cuticular spines The subterminal spine on segment 9 is absent 

Respii atony filaments (Plate LV, fig 5) are a little less than half the length 
of the pupa, their length being about 1 4 mm , 8 in number, ananged m 4 pairs 
all of which have short stalks The uppermost filament is directed upwards and 
a little forwards from its origin while the lowermost passes downwards the rest of 
the filaments spreading out more or less evenly between these two The filaments 
decrease m thickness slightly from above downwards The surface of the filaments 
is raised into ridges which form a reticular pattern, the ridges covered with large 
tubercles while the interspaces with minute ones resembling the arrangement found 
m nilgmcum 

Cocoon (Plate LY, fig 6) about 3 6x15 mm , not covering the pupa completely, 
as its length dorsally is only about 2 6 mm It is dirty, brownish yellow, closely 
woven, with a large elongated window on each side These windows run paiallel 
to the anterior border, lying just behind it on each side Usually they are of the 
same shape though m some specimens they are comparatively smaller In a large 
number of specimens each of the windows is divided into two by a narrow horizontal 
bar The anterior border of the cocoon is thickened into a moderately strong rim 

Described from 24 females and 20 males all bred out of isolated pup® and m 
good condition 

Types m my own collection 


DISTRIBUTION 


So far I have bred out specimens of this species from isolated pups collected 
from hill streams near Mananbane, Bengal Terai, 1 m 29 (types) and from a 


* Very often present on the pup® of Inmalayense 
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stream crossing the Mercara-Cannanore Road about three miles below Mcrcara 
(Coorg), 9 i 31 In the Indian Museum collection there are three male specimens 
m good condition, collected by ‘ C Paiva,’ from ‘ Almora, Kumaon (5,500 feet), 
28 ix 11 5 

Simuhum (Simulium) barraudi sp n 

This species closely resembles S hneatum from which the female is difficult 
to differentiate The male genitalia are, however, so distinct that there can be 
no doubt about the separate identity of this species 

FEMALE 

The female differs slightly from that of S hneatum only m the colour of its 
legs, the head, thorax and abdomen (the termmalia as well) being as m the latter 
species 

Legs — Fore coxie, trochanters and femora yellow, the last named slightly 
greyish at its distal end , tibiae yellow, the outer surface with a large silvery white 
spot and the distal end (about one-sixth) nearly black, tarsi black, much flattened, 
the first segment only four times as long as its greatest width near the distal end 
Middle and hind coxae black , trochanters orange yellow * Femora yellow with 
a slight greyness at the distal end Middle tibiae pale yellow with the posterior 
surface silvery white and the distal end slightly grey , basal three-fourths of the 
first tarsal segment pale yellow with a slight whitish sheen on the posterior surface, 
the rest of the middle tarsi black Hmd tibiae yellow with the posterior surface 
silvery white and distal one-fifth black , basal three-fourth of the first tarsal segment 
yellow, having a slight whitish sheen on the posterior surface and the distal one- 
fourth gradually becoming black, base of the second segment yellowish, the rest 
of the tarsi black All claws simple All yellow parts of the legs with fine golden 
pubescence 

Wings normal, radius bare up to the fork, radial sector simple Wing length 
in the type specimen is about 2 5 mm (average wing length in the paratype speci- 
mens is 2 7 mm ) 

Posterior end of buccal cavity as in hneatum 
MALE 

Head black, with a fringe of black hairs on the occiput, face whitish grey, 
with sparse black hairs along its borders Antenme yellow m the basal half, 
gradually becoming dark grey towards the tip with a fine pale pubescence The 
colour of the antenna varies m the various paratype specimens from orange or 
reddish m the basal half, becoming black gradually towards the tip, to being nearly 
all black with only one to three basal segments slightly reddish Palpi black 


* In paratype and other specimens the troohanters are yellow 
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Thoiax— Mesonotum velvet black, covered uniformly and densely with coarse 
golden pubescence, partly rubbed off on the top in type specimen Anteriorly 
are a pair of elongated peaily white spots broadly separated in the middle 
line In certain lights even the space m between the spots appears ash grey 
but the stripes found on the female and on the majority of males of hnealum 
aie absent m this species Scutellum black covered with golden pubescence 
and having a fringe of long black hairs Pleurae slate grey, membranous 

area bare 

Abdomen —Velvet black, with scattered very fine pale hairs Silvery spots 
as usual on segments 2 and 5-7, those on segments 5-7 elongated , long hairs on 
the Joasal scale black Genital aimaluie (Plate LV, fig 7) resembles that of 
S hneatum The coxites are short, broader than they are long , styles 
comparatively broader and a trifle longer than m hnealum They are of 
more or less uniform width throughout, except at about two-thirds of their 
length from the base, where their outer border is produced upwards as a 

conspicuous broadly rounded projection A hollow horn-like process arises 

dorsally from the basal one-tlurd of the styles, as m hneatum, differing from that 
m the latter species only in that its distal end is slightly truncated and the 
protuberances on its anterior surface are small and rounded The mtercoxal 

piece (Plate LV, fig 8) is of the same general form as m hneatum but has 

comparatively broader base from which a broad, flattened tongue-hke process is 
produced downwards and forwards This process is comparatively broader and 
sho'rtdr and has a more or less uniformly rounded border The antero-dorsal 
surface of the process be^rs a few scattered fine set® The chitmous plate of the 
mesosome has a somewhat different shape to that of hnealum, as it has a pair of 
small lateral projections at its posterior end 

Legs Pore coxa; pale yellow , trochanters and femora yellow, the latter 
slightly greyish distally , tibia; blackish, with a large silvery white spot on its 
anterior surface and outer border , tarsi black, moderately flattened, the first 
segment a little less than six times as long as its greatest width near the distal end 
Middle and hind coxse black , trochanters yellowish grey, dark m the distal half 
Middle femora and tibiae yellow, slightly greyish distally, the latter with a whitish 
s een on their posterior surface , basal one-third of the first tarsal segment 
ye lowish, the rest of the middle tarsi black Hind femora yellow near the base, 
distally becoming gradually brown to nearly black at the tip , tibiae nearly black 

1 h Aee S 0n the p0sterior Of the basal portion , basal half 

of thebasitarsus yehow.sk, the rest of the tars, black The hind bas. tarsus .s 

moderately enlarged It is a little shorter than the tibue and proport.onately 
‘tlT Wldttl (0 8 0f that 0f ^ * greatest w.dth .s about “te 


own length 

Wings as m female. 

J j 


10 
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PUPA as in S hneatum 

Described from 12 males, 9 females, and a large number of pupae, practically 
all m good condition, tlie adults bred out of isolated pupae 
Types and paratypes in my own collection 

DISTRIBUTION 

Specimens of tins species were bred out of isolated pupae collected by Colonel 
Sit S R Christophers and Captain P J Barraud, Entomologist ( Malaria Survey 
of India, Kasauh), from a large stream near Prang (6,500 feet), and a torrential 
stream at Nara Nag (about 7,500 feet above sea-level) both in Kashmere I have 
so far bred specimens of this species out of pupae collected from the following 
places From small streams crossing the Kasauk-Subathu Road (4,000-5,000 feet), 
15 viii 26 , a hill stream north-east of Dagshai (about 5,000 feet), August 1929 , 
from the stream north of Chhota Simla (about 6,000 feet), 6 ix 30 , from Chadwick 
Falls (about 5,500 feet), 7 ix 30, from streams crossing the Hmdustan-Tibet Road 
near Tlieog and Matiana, ranging m height from 6,800-8,200 feet, 11-13 is 30 
The pupae were found breeding together with those of some other species, m some 
places as many as 8 species occurring m the same locahtj' 

I am pleased to name this species after Captain P J Barraud, Entomologist 
(Malana Suwey of India, Kasauh) who together with Colonel Sir S R Christophers 
collected simulids for me from parts of Kashmere 


Simulium (Simulium) digitatum sr N 

This species closely resembles S hneatum and barraudi from both of which 
it differs mainly in the colour of its legs and m the termmalia of the male and the 
female 

FEMALE 

Head black, with short, black hairs on the occiput, some present also on the 
face and a few along the lateral borders of the frons Frons somewhat sinning, 
nearly black, practically parallel sided, only very slightly narrowed m the region 
of the antennal , its width about the middle a little more than half (0 6 of) its 
length Face dusted with ash grey Antennae reddish brown m the basal portion, 
gradually becoming darker towards its distal end which is nearly black , the whole 
with a fine pale pubescence The colour of the antennae, particularly of the basal 
segment, varies in the different paratype specimens The scape and the bases of 
two or three flagellar segments may be yellow to orange and the rest of the antennae 
nearly black Palpi nearly black 

Thoiax — The ornamentation of the mesonotum is like that m hneatum and 
bat raudi except that the median line is comparatively much narrower 
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Abdomen —The first segment dark brown and the fringe of long hairs on the 
basal scale golden (mixed with some black ones), the rest of the abdomen nearly 
black, the second segment with light grey dusting on the dorsum Tergites of 
segme ts 6-8 shining black, with scattered fine pale hairs Venter black (as m 
ban audi) Terminalm (Plate LV, fig 9) Hairs on ventral surface of segment 7 
uniformly distributed , stermte of segment 8 comparatively narrower than m 
hn'eatum and barraudi, with narrow lateral ends, posterior border broadly rounded, 
middle third nearly straight, macrosetse comparatively slender, only a few m the 
lateral region very long, the rest gradually decreasing m si'ze proceeding towards 
the middle line A few macrosetse present even on the middle fourth of the stermte 
Anterior gonopophyses uniformly covered with microsetae and with 7-9 slender 
macrosetse scattered on them Their mterno-lateral bonders are not thickened 
and are widely separated from each other Paraprocts and cerci are of moderate 
size 

Legs —Pore coxae and trochanters yellow , femora yellow, gradually passing 
into dark grey on the distal one-third , tibiae yellow with the distal one-fifth black, 
the outer surface with a large silvery white spot , tarsi black, much flattened, the 
first segment about four times its greatest width near the distal end Segments 
1 and 3 with the usual pair of long black hairs subtermmally on their posterior 
border Middle and hind coxae nearly black , trochanters yellowish grey, dark 
on the distal half Middle femora greyish yellow gradually passing into grey on 
the distal half In the paratype specimens the legs are darker and the middle 
femora are yellowish grey on the basal one-third passing into dark grey distally 
Middle tibiae are pale yellow, with the distal end dark grey, the posterior surface 
with a whitish sheen , basal three-fourths of the first tarsal segment pale yellow, 
the posterior surface with a slight whitish sheen m the basal region, the rest of the 
middle tarsi black Hmd femora yellowish on the basal one-third, passing into 
dark brown distally , tibiae yellow with distal one-fourth black, the posterior surface 
with a whitish sheen , basal three-fourths of the first and the base of the second 
tarsal segment yellow, the rest of the tarsi black 

Wing — Normal, hyahne, radial sector simple 

Wing length about 2 5 mm 

Projection of the posterior border of the ventral wall of buccal cavity into 
pharjuix as m S hneatum 


MALE 

Head and Umax as m banauii The antennae m the type are black with the 
scape and the first flagellar segment yellowish 

Abdomen —Velvet black, with scattered very fine pale hairs, silvery white 
spots as usual on segments 2 and 5-7, those on segments 5-7 elongated , long hairs 
on basal scale black Genital amaiwe resembles that of & knealum, differing 
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from the latter in certain details and in the form of the inter-coxal piece The 
coxites are about as long as they are broad The horn-like process arising from 
the dorsal surface of the basal one-tlurd of the styles (Plate LV, fig 10) is a little 
more than one-third the length of the latter Their anterior straight surface is 
more or less smooth practically free from any teeth and the distal end of the process 
is pointed and slightly bent The inter-coxal piece (Plate LYI, fig 11) has a 
moderately broad, somewhat swollen base from which a narrow finger-like process 
with a rounded end is produced downwards and only slightly forwards It is smooth 
except for a few wrinkles on its ventro-postenor surface 

Legs — Fore coxae and trochanters yellow , femora yellowish grey with the 
distal end dark grey , tibiae black, with a large silvery white spot on the outer 
surface , tarsi black moderately flattened, first segment a little more than 5 times 
its greatest width near the distal end Middle and lnnd coxae black , trochanters 
yellowish grey Middle femora brown, yellowish near the base , tibiae yellow 
gradually becoming brown on distal half, posterior surface with a whitish sheen , 
basal half of the first tarsal segment yellow gradually passing into black distally, 
the rest of the middle tarsi black Hind femora nearly black with the basal one- 
third yellowish , tibiae black with a slight whitish sheen on the posterior surface 
near the base , basal half of basitarsus and base of second tarsal segment yellow, 
the rest of the hind tarsi black Basitarsus moderately enlarged a little shorter 
and narrower than the tibiae, comparatively broader than in linccitum, its greatest 
width being about 0 32 of its own length The yellowish portions of the legs bear 
golden pubescence The femora differ from those of hnealum and barraudi m having 
a larger number of black hairs 
Wings as m female 

PUPA 

The pupa resembles those of S lincatum and barumdi except that a sensory 
hair on the ventral surface of abdominal segment 4 is somewhat strongly chitimzed 
Moreover, the colour of the respiratory filaments, instead of being greyish as m 
the other two species, is usually white 

Described from 3 males and 5 females, all bred out of isolated pupae and practi- 
cally all in good condition 

Types and paratypes in my own collection 

DISTRIBUTION 

I have bred out this species from pupae so far collected from a small 
stream crossing the Kasauli-Subathu Road (about 4,500 feet above sea-level), 
15 vm 26 , a hill stream north-east of Dagshai (about 5,000 feet), August 1929 , 
a stream north of Chhota Simla (about 6,000 feet), 6 ix 30 and from Chadwick 
Falls (about 5,500 feet), 7 ix. 30 
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Simulium (Simulium) dentatum sp n 

s This species closely resembles the three described above, differing from them 
m being comparatively much darker and m certain details m the structure of the 
termmaha of both the sexes 


FEMALE 

Head and thoiax are like those of hneatum The antennae, however, are nearly 
black with the scape and two basal flagellar segments slightly browmsh, the whole 
with very fine pale pubescence Colours of the basal segments vary m the paratype 
specimens from greyish yellow to somewhat reddish brown 

Abdomen is also like that of hneatum but with a dark venter and somewhat 
different termmalia The 8th stermte (Plate LVI, fig 12) is of the same type and 
bears similar macrosetse but the bare portion is comparatively smaller and two 
or three short set® are present even on the middle fourth near the anterior border 
of the stermte The anterior gonopophyses are uniformly covered with microset® 
and bear 5-9 moderately long and slender macroset® They are widely separated 
and their mterno-lateral border is not thickened 

Legs — Fore cox® pale yellow , trochanters and femora deep yellow, the 
latter dark brown on the distal half , tibiae yellow, with distal one-fourth black 
and a large silvery white spot on the outer surface , tarsi black, much flattened, 
the first segment a little less than four times its greatest width near the distal end 
Middle and hind cox® nearly black , trochanters yellow, slightly greyish distally 
Middle femora brownish yellow on the basal one-third, gradually becoming dark 
brown distally, with the tip nearly black , tibi® pale yellow with the distal one-fifth 
dark brown and with a sbght whitish sheen on the posterior surface basally , basal 
half of the first segment pale yellow, the rest of the middle tarsi black Hind 
femora dark brown (nearly black) with the base pale yellow , tibise pale yellow with 
the distal one-fourth nearly black and with a whitish sheen on the posterior surface 
basally , basal two-thirds of the first and the base of the second tarsal segment 
yellow, the rest black Pale portions of the legs with golden pubescence Pedisul- 
cus and calcipala well marked All claws simple 

Wings hyaline , radius bare up to the fork , radial sector simple, concave vein. 
Wing length about 2 7 mm 

The posterior border of the buccal cavity thickened and produced as a trun- 
cated cone-like projection into the pharyngeal cavity, as m hneatum , but m one 

of the paratype specimens the sides of the projection seem to have minute set® 
on them 


MALE 


Head black with a fringe of short black hairs 
grey with sparse black hairs Antennas yellowish 


on the occiput Face whitish 
or reddish -becoming black 
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gradually towards the tip In some paratype specimens they are black practically 
throughout their length Palpi brownish black 

Thorax — Mesonotum velvet black with a slight brownish or reddish sheen, 
the satin rubbed off m the type specimen from part of mesonotum, giving that 
portion a shiny appearance Mesonotum covered uniformly and densely with a 
coarse golden pubescence, partly denuded m the type In the fore corners aTe a 
pair of long, elongated whitish grey spots which are seen complete and m certain 
lights fairly wide whitish grey band is seen along the lateral and posterior border 
also Scutellum is reddish brown with coarse golden pubescence and a fringe of 
long black hairs Pleurae slate grey, membranous area bare 

Abdomen velvet black with fine scattered golden pubescence , long hairs on 
the basal scale black , segments 2 and 5-7 with the usual silver grey spots Gcmtal 
armalmc The coxites arc short about as long as they aie broad , styles are com- 
paratively longer than in S hnculvm and have a somewhat different shape to that 
found m the latter species They are a little less than four times as long as tlieir 
greatest breadth near the base, and aie slightly expanded m their basal one-fourth 
posterior to which they arc gradually narrowed widening out again distally The 
hollow horn-like process given off from the dorsal suiface has a comparatively 
wider base and lies much nearer the base of the styles (Plate LVI, fig 13) This 
process has a truncated end which is toothed and its anterior surface also bears 
conspicuous teeth which are much better developed than m hneatwn or barunuh 
The inter-coxal piece (Plate LVI, fig 14) has a lather narrow base from which a 
flattened keel-like process, with two lateral rows of deep tectli-like serrations, is 
produced downwards It is continued forwards as a thinly chitmized somewhat 
expanded plate with smooth edges 

Legs — Fore coxae pale yellow , trochanters and femoxa brownish yellow, 
the latter becoming dark blown on the distal two-thirds , tibia? brownish black, 
the outer surface with a large silvery white spot , tarsi black, moderately expanded, 
the first segment a little less than five times as long as its greatest width 
near the distal end Middle and hind coxos black , trochanters yellowish 
black , femora nearly black, slightly yellowish at the base Middle tibiae 
greyish yellow on the basal one-third, giadually becoming da’rk grey to nearly 
black distally and the posterior surface of the basal half with a whitish sheen , 
the basal one-third of the first segment of middle taisi diffusedly yellowish, 
the rest of tarsi black Hind tibiae black, with the base slightly pale yellow , 
basal half of the first and the base of the second segment of the hmd tarsi 
greyish yellow, the rest of tarsi black Basitarsus of hmd leg comparatively 
much enlarged, its length being about 0 8 of that of the hmd tibiae while its 
greatest width, a little beyond its middle, is a little more than that of the lattei 
and 0 37 of its own length 

W mgs as m female. 
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PTJPA n f nf hnnatum except that the mi mite tubercles on the 

•t- \t fllnmpnts too axe whitish instead of grey 

The S2a "males and 8 feraales all teed oat of elated pup* aad » 

good condition 

Types and paratypes m my own collection 

“™x bred to spee.es oat of pup, cdlected "" "e^ 

“X Z* to spee.es eolkete d bp < 8 Ke»pl from 

Tura, Garru H.lk Assam, 8,500-3,900 feet, 15 v.. -30 vm 1*17 

Simulium (Simulium) griseifrons, Brunetti (1911) 

— Simulium dtgrarmmcum Edwards (1928) 

This spee.es was described by Brunet*. (1911) from a single female collected 
by Dr A D Ioms at Kahghat, Krnnaon (6,000 feet), Western Himalayas, 4 .v 10 
lithe type specimen the thorax is badly discoloured and owing to some extraneous 
substance settled on it, it appeared slightly shining, and from the desmpiaon gwen 
by Brunetti it is obvious that the specimen was m this condition even at the t m 
(1911) when it was originally described 11 By a very careful treatment of he 
thorax of the type specimen with a fine brush slightly moistened with absolute 
alcohol, I have been able to remove the substance which was settled on it and the 
thorax now shows its ornamentation very clearly I have in my collection i male 
specimens and 6 females all bred out from pup® collected from around Simla and 
from parts of Kashmere (Western Himalayas), all of which undoubtedly belong to 
this species They resemble the type specimen m every character except m the 
colour of the antenna which does not seem to he constant This identification is 
corroborated by a comparison of the termmalia of the female with those of the 
type specimen In view of the inadequate and incomplete description given by 
Brunetti, it has been thought advisable to give below a revised description of the 
female 

BEM’AiLE 

Head slate grey, with short slender black hairs on the occiput, also present 
though scanty on the face and a few on the frons forming a row along its lateral 

* Brunetti described tbe thorax as ‘ black, apparently cohered with short golden yellow 
pubescence 
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borders Frons dull ash grey comparatively small, nearly parallel sided, only very 
slightly narrowed m the region of the antennae Face dusted with grey 

Antennce — In the type female they are wholly black but m the other speci- 
mens, all bred out from pupa?, the colour of the antennae from the scape to the 
base of the third flagellar segment, varies from deep yellow to reddish brown, the 
rest is black with fine whitish pubescence Palpi black 

Thorax — Mesonotum covered with fine golden pubescence, integument dull 
When viewed from m front it appears dusted with ash grey with two rather broad 
black submedian stripes, extending from the anterior margin to the prescutellar 
region where they unite with each other practically m line with the bases of the 
wmgs A little behind their anterior end, winch is fairly broad, these stripes are 
somewhat narrowed and approximated to each other, gradually broadening out 
again and diverging slightly behind their narrowest portion Between these two 
stripes is a very narrow median black line which commences from the union of the 
two posteriorly but does not reach the anterior margin A moderately broad 
black band extends along the lateral margins of the mesonotum uniting with the 
two submedian black stripes posteriorly but not at their anterior end As usual, 
when viewed from behind the grey and black colours are reversed Scutellum is 
black, densely covered with fine golden pubescence and has a fringe of long black 
hairs Pleurae slate grey, brownish posteriorly, membranous area bare 

Abdomen with first two segments slightly brownish, the fringe of hairs on the 
basal scale dark, dorsum of segment 2 with the usual greyish dusting, the segments 
following blackish , tergites of segment 6-8 large, black and shining, with scanty 
short hairs Tammaha (Plate LYI, fig 15) Macrosetse on the ventral surface 
of segment 7 are uniformly scattered all over , stermte of segment 8 is fairly broad 
with its lateral ends slightly narrowed and bears a number of somewhat slender 
macrosetse antero-laterally Anterior gonopophyses are of moderate size, their 
mterno-posterior end somewhat rounded and inner border slightly curved and 
thickened Paraprocts are comparatively large and strongly cliitmized and the 
cerci have a very broad base 

Legs — Fore coxae yellow , trochanters yellow to brownish yellow , femora 
yellow on the basal half, gradually becoming brown to dark brown apically* , 
tibiae yellow with the apical one-fourtli black and well marked silvery dusting on 
the outer side , tarsi black, moderately flattened, first segment is about six times 
as long as its greatest width near the distal end Middle and kmd coxse black , 
trochanters yellow, slightly brown apieally , femora yellow at the base, distal 
half to two-thirds black , tibiae pale yellow on the basal three-fourths, with a 
whitish sheen on its posterior surface, tip black , basal one-third to half of the 
fiist tarsal segment of middle leg and basal half of the first and base of the second 


* In some specimens the Up is black 
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tasal segments o£ the hmd legs yelhmsh, the rest of the tars, black All claws 

Zj» Yellow parts of the legs wth fine golden pubescence 

Wmu normal, hyaline, radial sector simple, concave yen The radius may or 
mav^not be hairy throughout its length In the type female the radius is bare 
up to the fork (aid not hairy throughout as erroneously described by M™ lds ' 
uLqn but out of the six female specimens m my collection, bred out of isolated 
pup® collected from parts of the Western Himalayas, m five of them the radius is 
lxairy throughout while m one it is hare up to the fork These specimens resemble 
one another m all the other characters and they all undoubtedly belong to tbe 
same species Halteres pale yellow 

Average wmg length is about 3 2 mm (that m the type female is 3 38 mm ) 

The ventral wall of the buccal cavity at its posterior end is produced into the 
pharynx as a triangular piece which is covered with spmous processes Furca 
moderately expanded and of usual form , spermatlieca single, dark brown and 
globular 


MALE 


Head black with a fringe of short black hairs on the occiput Face whitish 
grey with scattered black hairs Antennae black with very fine whitish pubescence 
Palpi black 

Thorax — Mesonotum velvet black, densely covered with lather coarse golden 
pubescence (partly rubbed off m the type specimen) Anteriorly are a pair of 
elongated silvery spots broadly separated m the middle and with a slight bluish 
sheen They are seen more or less complete In certain lights the mesonotum 
shows broad silvery border laterally, and a slight pale grey colour anteriorly 
between the two elongated spots, the latter only m the co-type specimen from Nara 
Nag Scutellum is black, densely covered with rather coarse golden pubescence 
and has a fringe of long black hairs Pleuree slate grey, membranous area bare 


Abdomen velvet black, with scattered golden ^pubescence and the usual silvery 
spots on segments 2 and 5-7 Long hairs on the basal scale somewhat golden 
Genital ai mature (Plate LVT, fig 16) Coxites appear somewhat broader than 
their length Styles are comparatively very long, their length being about 4 times 
their greatest width at the base Beyond the basal one-third they become narrow 
and broaden out slightly again at their distal end On the dorso-mternal surface 
of their basal third each of them bears a triangular protuberance directed inwards 
and forwards (towards the base of the styles) These processes are covered with 
small teeth-hke denticles Each of the styles bears a single short spine subtermi- 

ZLTl he , mner The lttter - co ^al piece (Plate LVI, fig 17) has a rather 

Z “ b “ Se whcl ; a siort conical process projects downwards 

ibis process is hare and smooth 
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Legs — Fore coxse brownish yellow, posterior ones black , trochanters yellowish 
at the base, dark grey on the apical half , femora brownish black, yellowish on the 
basal one-third and black at the apex Fore tibiae are black, slightly yellow at the 
base and a large silvery white spot on their outer surface , tarsi black, moderately 
expanded, the first segment a little more than five times its greatest width at its 
distal end Middle tibiae pale yellow on the basal half, with a whitish sheen on the 
posterior surface, distal half black , tarsi black Hind femora black, diffusedly 
yellow basally and with a whitish sheen on the posterior surface at the base Hind 
tarsi black, except the basal one-third of the basitarsus which is diffusedly yellowish 
Basitarsus is much enlarged It is only a trifle shorter than the tibiae, as broad as 
the latter and about half as broad as its own length The legs bear scattered 
golden pubescence, well marked only on the pale parts 

Wings as m female In all the four specimens the radius is hairy throughout 
its length 

Male described from two co-type specimens one hatched out of pupa collected 
at Naia Nag, 6,000 feet (Kashmere, Western Himalayas), by Colonel Sir S R 
Christophers, September 1930, and the other partly emerged from pupa collected by 
me from a torrential stream crossing the Hmdustan-Tibet Road (Mile 29 from 
Simla), 8,000 feet, September 1930 Two other male specimens were dissected out 
of dead pupae both collected at Nara Nag along with one of the co-type specimens 
Co-types in my own collection 

PUPA (Plate LVI, fig 20) 

Size about 3 0 mm x 1 mm 

The integument of the head and thorax is brown with disc-like tubercles 
scattered all over, those on the anterior three-fourths of the mesonotum are com- 
paratively very large (Plate LVI, fig 18) 

The head bears the usual three pairs of sensoiy hairs, and there are eleven 
pairs on the thorax Like most of the European species the dorsal submedian 
group of trichomes on the thotax has three instead of two pairs found in the species 
described in Parts I and II of this study The head and the dorsal trichomes 
(Plate LVI, fig 18) divide a number of thnes near their base into long branches 
which vary in number from 18 to 30 and which spread out like a fan The cuti- 
cular hooks on the dorsal as well as the ventral surface are as m S Jnmalayense, 
a single sensory hair is somewhat strongly chitmized on the ventral surface 
of segment 4 Dorsally on segment 8 there is a row, broken m the middle 
line, of backwardly directed cuticulat spines along the anterior border, a few very 
small spines being also present on segment 7 The subterminal spines on segment 
9 are comparatively better developed 

Respiraloi y fildments (Plate LVI, fig 19) are about one-third as long as the 
pupa, 6 m number, arranged in three pans, the uppermost of which has a very 
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short stalk while tlie other two arise more or less directly from the mam stem 
The uppermost filament is directed upwards and a little forwards and then bends 
downwards practically at right angle The upper five filaments run more or less 
parallel to one another while the lowermost one is directed downwards fiom its 
origin The filaments appear slightly whitish, their surface bears minute tubercles 
which are arranged as m S mlgvi icum 

Cocoon (Plate LVI, fig 20) is pale dirty yellow m colour It is fairly tough 
and usually without any windows or spaces but some specimens show a small 
opening m the mesh laterally just behind the anterior boidei The cocoon is boot- 
shaped, its opening is large and directed upwards, the forward extension of the 
vential lip of the opening is comparatively thinner and is much enlarged The 
length of the cocoon from its posterior end to the anterior bordei of the opening is 
about 4 2 mm aud that up to the posterior border (of opening) only about 2 7 mm , 
the greatest width is about 1 3 mm 

DISTRIBUTION 

This species was originally described from Kalighat, Kumaon (6,000 feet), 
Western Himalayas, and I have bred out a few specimens belonging to it from a 
number of isolated pupae collected from Chadwick Palls, Simla, about 6 500 feet, 
7 ix 30 , torrential streams crossing the Hmdustan-Tihet Road near Fagu, 
14 ix 30 and, Matiana 11 ix 30 (heights ranging from 7,000 feet to 8,200 feet 
above sea-level) Colonel Sip S R Christophers collected a number of pupae belong- 
ing to this species from a torrential stream near Nara Nag (6,500 feet), Kashmere, 
Western Himalayas, and bred a few isolated ones into adults 

Dr F W Edwards (Natural 'History Museum, London) has very kindly 
sent me a paratype female of his species dig 1 ) am'micum (Edwards, 1928) This 
specimen agrees with S gnseifrons Brunetti practically m every character A 
very close comparison of its termmalia with those of the female of the latter species 
shows only very slight differences In dvgram'micum the anterior gonopophyses 
and the paraprocts appear a tnfle smaller and the latter a little less strongly chiti- 
mzed and the cerci too a little less broad at the base The differences, however, 
are not well marked and I am of opinion that S digrmnmicum should provisionally 
be placed as a synonym of S gnseifrons till its male and pupa are definitely known 
to differ from those of the latter species 

BlUJRETTI, E (1911) 

Edwards, F W (1928) 

Puri, I. M (1932) 


REFERENCES 

‘ Now Oriental Nematocera’ lice Ind Mus , 4, No 7 
(Simuhidse), pp 282-288 

Diptei a Neniatoeera from the Federated Malay States 
Museum Jam F M S Mus , 14, Part I (Simu- 
late), pp 59-64 

Studies on Indian Simulndse Parts I aud II Ind 
Jour Med lie* , 19 , No 3, pp 883 and 899 



Explanation of Plate LY 

Simulium lineatum sp n 

Fig 1 Part of ventral view of ternunalia of a paratype female Scale as m Fig 2 

„ 2 Ventral view of genital armature of a paratype male Left style and meso- 

some not shown 

„ 3 Ventral view of inter-coxal piece Scale as m Fig 8 

„ 4 Tibia, basitarsus and 2nd tarsal segment of bind leg of a paratype male Scale 

as m Fig 5 

„ 5 Parts of pupal respirator}'’ filament of left side 

, 6 Lateral view of pupa inside cocoon 

Simulium barraudi sp n 

„ 7 Ventral view of genital armature of co-type male from Nara Nag Left 

style not shown Scale as in Fig 2 

„ 8 Ventral view of mtcr-coxal piece 

Simulium digitalum sp n 

,, 9 Stermte of segment 8 and anterior gonopophyses of a paratype female 

Scale as m Fig 2 

„ 10 Lateral view (inner) of a left style of a paratype male Scale as m Fig 2, 
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Explanation op Plate LVI 
Simulium digitatum sp 11 

Fig 11 Ventral view of mter-coxal piece of a paratype male Scale as in Pig 8 

Simulium denlalum sp n 

„ 12 Part of sternite of 8tli segment and anterior gonopopliyses of a paratype 

female Scale as m Eig 2 

„ 13 Lateral view (inner) of left style of a paratype male Scale as m Fig 2 

„ 14 Ventral view of mter-coxal piece of a paratype male Scale as in Fig 8 

Simulium greseifrons Brunetti (1911) 

„ 15 Ventral view of part of termmalia of a female Scale as in Fig 2 

„ 16 Ventral view of part of genital armature of co-type male Scale asm Fig 2 

„ 17 Ventral view of mter-coxal piece of paratype male Scale as m Fig 8 

» 18 A thoracic tncliome of pupa Scale as m Fig 2 

» 19 Parts of pupal respiratory filaments Scale as in Fig 5 

» 20 Lateral view of pupa inside cocoon Scale as m Fig 6 
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FURTHER OBSERVATIONS ON SEASONAL VARIATION IN 

HOOKWORM INFECTION. 


BY 

P A MAPLESTONE, d s o , mb, ch b , dtm 
{From the Hookworm Research Laboratory , School of Liopical Medicine and 
Hygiene, Calcutta Supported by the Indian Jute Mills Association) 

[Received for publication, December 28, 1931] 


In a previous paper (Maplestone, 1930) it was sliown that m two tea garden 
areas, one m the Bengal Dooars and the other m Assam m the Sylhet district, there 
was considerable annual variation m the number of hookworm eggs passed by a 
given sample of the population, and that the differences noted seemed to be clearly 
correlated with the onset and increase of the monsoon Similar observations have 
now been completed over a period of twelve months at a large jute mill and its 
surrounding villages, situated near the Hooghly river about twenty miles from 
Calcutta 


For purposes of comparison, the area examined was divided into three sections 
as follows Section 1 consisted of the lines directly under control of the jute mill 
and situated on their property, section 2 was a rather insanitary and crowded 
village adjoining the jute mill boundary, and section 3 was another village, this 
appeared to be somewhat less crowded than section 2 and was also cleane'r In 
section 1 there is an efficient pan conservancy system which is used by the majority 
of the inhabitants of the lines, although some of the people make use of a piece of 
waste land near the lines, for purposes of defecation In the mill itself there is a 


system of septic tanks and water carriage of sewage, used while the employees are 
at work In section 2 there is an imperfect and badly supervised pan system, and 
many of the villagers defecate m the adjoining field Section 3 is situated on the 
hank of a large tank and there are no latrines, defecation being performed on the 
hank of the tank opposite the village 

Practically two hundred stools were collected from each section every month 
for a period of twelve months It was impracticable to collect from the same 
individuals on each occasion, because most of the coolies are only engaged on three 
months’ contracts at the mill, so that there is a constantly changing population 

( 1X45 ) ’ 
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The inhabitants of the area coming as they do for short employment from a wide 
area of the surrounding country, the figdrcs obtained m this investigation are 
probably of general application to the rural districts of Bengal 

Stools handed in on the morning they were passed, to one of my assistants were 
placed m measured quantities m antiformm solution m the same manner as described 
m my earlier work (Maplcstone, 1929) They were brought to Calcutta and the 
counts after Stoll’s method were made m my laboratory by the same workers who 
assisted me on former occasions In the table given below the percentage of 
infected cases has been determined by the use of Lane’s centrifuge, because samples 
of all the stools we're subjected to this method of examination before being diluted 
for counting This saved a good deal of time as stools negative to ‘ D C I” were 
not counted 


Table I 

Numbe 1 ) of cases examined, peicenlagc positive foi Itoohwoim infection, and the 
aveiagc numhci of eggs po c c of the total examined 


Month. 

■ 

Fiction 1 

SrcTio; 2 

Sirao-N ‘ 

1 

Number examined 

Percentage infected 
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Percentage infected 

CJ 

P- 

02 
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to 

a 

C; 

£ 

ci 

✓ 

O 

u 

a 

fO 

2 

£ 

Percentage infecti d 

t-i 

O 

P-> 

02 

U 
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tn 

c 
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o 

April j 

200 

70 5 

340 

200 

74 

430 

198 

75 5 

409 

May 

200 

77 

413 

198 

80 

533 

308 ! 

! 

79 5 

532 

Juno 

200 

80 5 

! 418 

200 

81 

413 

200 

S3 | 

303 

July 

170 

80 5 

434 

193 

75 

841 

200 

i 

85 ! 

1 

980 

August 

190 

82 5 

773 

198 

U5 

CO 

508 

200 

82 5 

493 

September 

200 

i 

80 

358 

200 

El 

445 

198 

91 

431 

October 

199 

83 

454 

199 

85 5 

309 

190 

77 

186 

November 

197 

73 

453 

200 

70 ; 

252 

200 

04 5 

354 

December 

200 

80 

340 : 

200 

82 5 

313 

200 

80 5 

344 

January 

200 

79 5 

343 

200 

73 

330 

199 

75 

382 

February 

200 

78 5 

323 

200 

75 5 

290 

200 

82 

345 

March 

200 

78 

i 

273 

200 

09 

204 

199 

70 5 

433 
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x n v flint two of the senes reach their peaks m July, and 
In Chart 1 rt will be seen . 1 1 ^ ]g not Iegorded as „f an y significance, 

the other one is at its highe - § intervals this period of time will 

because the counts being ma e a ^on ^ actual' highest point m the egg 
represent the possible er ™' ™ g 2 J rl 3 may not have been reached by July, 

St; maximurn forTection 1 may have been passed by August, and ,f flu. is the 


Chart 1 


Average monthly egg counts fo, each of the thee sec, tons sheen 

sepal ately 



100 

0 April May June July Aug Sept Oct ' Novt Dec Jan Feb Mae 

case more frequent counts between July and August would have brought the three 
peaks closer together It will also be noted from Chart 1 that the effect of the 
better sanitary conditions prevailing m section 1 are not very apparent , this is 
probably because the population is continually changing and so new arrivals come 
in to keep up the average However, as far as it goes the difference between the 
charts for this section and sections 2 and 3 is suggestive, for the maximum infection 
rate is lower m this than m the less sanitary areas 

J, MR 


11 
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Chart 2, which shows the average of tlie three counts combined and the monthly 
rainfall for the time of the examination, is remarkably like that of the chart for the 
two Sylhet gardens given m my fo'rmer paper in which monthly counts were also 
done 

In the present instance it will be clear from the table that the percentage of 
infected persons did not vary very much from month to month and it is quite 
without significance 

Chart 2 

(a) Monthly rainfall m inches duunq the penod of (he investigation 

(b) Average monthly egg counts of the three sections combined 



CJ 


zoo 

100 

0 , 

Jan reb. Mar Apr May .Tone July Aug Sep! Oct Hoy pec Jjn Feb Hsr> 


Ascaris infection varied between 33 per cent and 7 5 per cent with an average 
of 15 7 per cent, for the whole thirty-six monthly counts made, and Tnchuris 
infection varied between 33 per cent and 4 per cent with an average of 17 3 per cent 
These figures are much too small on which to base any conclusions, except that 
there was no sign of correlation between the variation noted and the rainfall, so 
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they have not been included In my former paper with much higher infection rates 
with these two worms no connexion between the egg counts and the rainfall could 

be discovered either , , 

Two papers have recently appealed m Ameiican journals on the rate of loss of 

hookworm infection In the first of these the Caldwells (1931) studied the inmates 
of an institution where re-infection was impossible, and the members of a rural 
community dimrig a period unfavourable for infection to occur They also kept 
under observation for a period of four years a case of laboratory infection, and the 
results were the same m all three series, viz , there was no apparent loss of infection 
as measured by egg counts In the second paper the Paynes (1931) examined three 
cases very frequently for periods varying from about five weeks m the shortest to 
three months m the longest, and they found no significant difference m infection 
rate throughout 

Prom my own experience of a few cases m which I have been able to exclude 
the possibility of re-infection, such as that of Europeans on leave m England for 
anything up to one year, and returning to India with hookworm infection, I am m 
agreement with the findings of the above workers In spite of these facts there 
seems to be no doubt from my work, embracing as it does four widely separated 
areas urBengal and extending over a period of about three and a half years, that m 
this portion of India at all events there is a distinct annual variation in egg counts, 
which presumably indicates a variation m the number of worms per head of the 
population, and that this variation is in close association with the 'rainfall, but m 
other parts of the world where investigations m any way resembling those done m 
Bengal have been made, no such variation has been discovered The reason for 
this change has already been discussed m detail m my earlier paper, so it is not 


proposed to repeat it m this one, but why this change is so rapid and the mdrease so 
short-lived is not yet explained I recently had the opportunity of discussing the 
matter with Dr W C Sweet of the Rockefeller Foundation, and he suggested, 
though with great diffidence, that the extra worms the people apparently pick up 
during the April- June period fail to become properly established, and from some 
unfavourable factor which is not at present obvious they die off as rapidly as they 
are acquired, leaving the infection at its old level There is another possible 
explanation, and that is that for some reason or other hookworms lay more eggs 
during the early monsoon period than during the rest of the year This idea was 
suggested by Dr J B McVail some years ago before the days of ‘D C E 5 and egg 
counts, to explain why more infections were found during the monsoon than m the 
dry season, and that the worms were inclined to lay more freely when the conditions 
v ere more favourable for development of larvee There are two points against 
l ’ h , eC ’ ^he first is that worms living inside an intestine would hardly be m 

nnd^lie'othf'-r appreciate Nation m meteorological conditions 

and the other »ttiat if. the worms actually had this power they would nol 
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decrease their egg-laymg at the height of the monsoon as they appear to do 
from my charts 

The writer is aware that neither of the above suggestions are probably of much 
value but they are put forward m the hope that others may be encouraged to consider 
the point and perhaps suggest something better 

In my former paper attention was drawn to the marked effect differences in 
sites of coolie lines m the Sylhet gardens had on the degree of infection by intestinal 
nematodes In the Dooars last year the opportunity arose of collecting stools from 
coolie lines about ten miles from where the previous prolonged investigation 
was carried out The average of the two counts made m June 1928 and June 
1929 are given in the table below with the average of two hundred stools 
collected in the othei garden m July 1930 

Table II. 


Percentage infected and average number of eggs per c c for total examined in iuo 
tea garden areas in the same district In one the soil is favourable for 
hookworm development, in the other • unfavourable 



Hookworm 

Aso VRIS 

Twonvmis 

Year examined 

Percentage 

positive 

Average 
eggs per c c 

1 

1 

Percentage 

positive 

i 

Average 
eggs per c c 

Percentage 

positive 

Average 
eggs per c c 

1928 and 1929 

93 9 

i 

1,125 

S7 5 

6,342 

79 

| 286 

1930 

59 

148 

27 

719 

28 5 

5 


It is considered that the figures obtained m 1928 and 1929 may be compared 
with those from a different garden m 1930 for the times that they were collected are 
within a month of each other m the three years, and the seasons of all three years 
were closely similar as regards onset and amount of rainfall 

It is evident that m the garden examined m 1930 the worm infection is negligible 
In neither of these places is anthelmintic treatment carried out as a routine, and 
the coolies on all gardens are of similar castes and habits , the only difference is m 
the nature of the soil on which the lines are placed In the first gardens where the 
worm infection rate is relatively high the lines are surrounded by sandy soil which 
rapidly drains off excess of moisture but remains moist under the grass for a long 
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time In tlie second garden the lines are surrounded by heavy red soil of clay-like 
consistency, which holds water a long time and when it finally dries becomes 
extremely haid 
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X-RAY DIFFRACTION STUDIES OF CALCULI 
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Abstract. 

The paper describes tbe X-ray diffraction studies made of vesical calculi 
(human and cattle), gall stones from human beings, uric acid and cholesterol It is 
to be observed, m general, that m all the vaneties of stones examined, the substance 
or substances that constitute the calculi are deposited m the crystalline state, though 
a little variation m the order of magnitude of the crystals was observed For 
instance, m the pigmented gall stone, cholesterol appears to be deposited in a 
micro-crystalline state as is evidenced by the contraction of the rings and by the 
absorption of the bile pigments The diffraction patterns obtained by vesical 
calculus (human) and pure uric acid show several features m common , estimations 
of the spacings of the corresponding rings m both gave identical values The rings, 
characteristic of the components of the stone other than uric acid, were not present 
on account of insufficiency of exposure Gall stones present several interesting 
phenomena, chief of which are the occurrence of intensity maxima arcs and the 
contraction of the rmgs characteristic of cholesterol The former is analogous to 
the phenomenon occurring in pressed paraffin wax and stretched gelatin where 
there is orientation of the crystals m certain preferential directions, and the latter 
is attributed to the extremely fine state of division of the crystals An explanation 
has been offered, m the hght of the X-ray analysis, for the existence of the two 
varieties of gall stones, the pigmented and the non-pigmented Uric acid m human 
stones and calcium carbonate m cattle stones are definitely shown to exist m the 
crystalline state 


( 1153 ) 
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Introduction. 

It is well known tliat calculi aie concretions foimed undei ceitain pathological 
conditions inside the urinary bladdei, kidney, gall bladdei, etc Comparatively 
greater woik lias been done on unnary calculi— bladder and kidney — than on 
biliary calcuk It is believed that m urinaiy calculus foimation the colloids present 
m the urine play an impoitant iole The theones pioposed to explain the function 
of the unnary colloids are many , chief of them being the ‘ protective ’ mechanism 
attributed to the colloids, by viitue of which the spaimgly soluble substances 
present m the mine, like unc acid and urates, oxalates and phosphates of calcium, 
etc , are not only held in high concentration but also excreted m the urine m a 
non-coalescent form The ‘ protective 5 colloids are believed to enmesh the crystalline 
particles by forming a thin film around them , 01 , it might just be possible that m 
the presence of these ‘ protective ’ colloids, the sparingly soluble substances exist 
m the urine m a colloidal state and m pathological conditions get deposited as 
such, finally resulting in the hard stone A similar phenomenon is stated to occur 
in gall stone formation 

The state m which the substance or substances that make up the calculi are 
deposited has not been known with any certainty So far, only chemical and 
physico-chemical methods have been attempted, but the results obtained by 
different investigators were not consistent The above methods of investigation 
aie but crude before purely physical methods and, of these, X-iay diffraction studies 
afford a more definite method of deciding whethei the substances m the stones are 
deposited m the colloidal or crystalloidal state It is already known that crystals 
in a finely powdered state give rise to sharp and well-defined rmgs while colloidal 
substances give diffuse bauds (Clark, 1927c) , crystals not powdered will give 
numerous ‘ Laue ’ spots Hence the piesent investigation was undertaken 
This is the first attempt, so far as the author is aware, to study calculi by means 
of the X-ray The results obtained are encouraging 


Methods of Investigation 

The stones examined were (1) human vesical calculus, (2) vesical calculus from 
cattle, (3) human gall stones, (4) uric acid, and (5) cholesterol A thin section of 
the substance, about quarter to one millimetre thick was used, depending on the 
nature of the substance The above were examined both m their original as well 
as m the powdered state 

Gall stones vary m then chemical composition , but they are believed to 
contain about 90 per cent of cholesterol With a view to comparing the 
diffraction pictures obtained from gall stones with that of pure cholesterol, the 
latter was tried To obtain the powder pattern, cholesterol was very finely 
powdeied m an agate mortar and pestle Likewise, pure uric acid was also tried 
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with a view to comparing the pattern obtained with that of a stone containing 

uric acid , , , _ , 1 , 

To get the X-iay patterns, the pin-hole method of Debye and Scherrer was 

employed A detachable Sheaiei A'-aay tube with a copper target served as the 
source of the radiation By the use of a tlim aluminium window, the X-iays were 
made to pass without excessive absorption The tube was worked by an oil-cooled 
transformer at about 50 K V and a fairly steady cuircnt of 4 to 5 milhamperes was 
maintained m the tube The radiation emitted consisted of Ku and K (3 of copper, 
but since the latter was of feeble intensity, a filter wa s not employed The distance 
between the substance and the photogiuphic plate was 2 04 cms The exposures 
varied fiom tluee to ten hours depending on the natmc of the substance Iso-yjemtli 
plates (700 H D ) were used The crystal spacing corresponding to any particular 
halo of angulai radius, 0, is calculated fiom the well-known Bragg foimula, 

X 

d = 7T- 

2 Sin - 
2 

where d is the intermolecular spacing and X the wave-length of the incident X-rays 
(here the value being 1 54 A 0 ) due to Cu Ka The negatives w eie examined visually 
and speoial attention was paid to the sharpness oi diffuseness of the maxima as well 
as to any general scattering present 


Results. 

Gall stones The gall stones examined weie obtained fiom the Pathological 
Museum of the Medical College, Calcutta, thiough the kindness of Dr Sur, 
ProfessoT of Pathology to whom the authoi is indebted 

There are commonly two varieties of gall stones, the pigmented and the non- 
pigmented They are usually supposed to consist foi the most part of cholesteiol 
with small amounts of bilirubin either as such or admixed with calcium as calcium 
bilirubinate The pigmented variety investigated was a beautifully striated stone 
of several concentric layers around a central nucleus The outside of the stone was 
light coloured , on cutting a section through the stone, the inside presented a 
darker shade of the pigment Unlike the pigmented stone, the non-pigmented 
stone appeared glistening even on the outside and on cutting it open the glistening 
of the crystals was all the more apparent It looked as though it were an aggregate 
of loosely bound crystals , it was not possible to have a thin section of the stone 

cut The crystalline character of the stone was obvious even from naked-eye 
observation 


Pigmented Slone One mfilmetre-thick section of the stone was used to obtain 
•* , y pattern It gave three well-defined rings, two of which 

spacmt a olltd1f I 1 ”™ “ Ween (Plate LVU ’ fig The ra *> “d 

spacings calculated therefrom axe given m Table I 



1156 


Researches on 1 Stone ’ 


Besides these rings, an interesting phenomenon observed was that there were 
two dark patches m the ring one above the other, the two being separated by a 
distance equal to the diameter of the ring To ascertain the relative position of 
these intense maxima with reference to the stnations m the stone, the experiment 
was repeated with the sbriations running parallel to one another, 1 e , lying rn 
the horizontal position The diameter of the ring joining the two patches was 
perpendicular to the stnations 

Non-pigimentecl stone One millimetre-thick section of the stone was used 
It gave two faint rings almost corresponding to those of the pigmented stone (Plate 
LYII, fig 2) The central sharp ring was not observed In addition to these rings, 
numerous * Laue ’ spots were obtained The intense maxima arcs observed m the 
inner ring of the pigmented stone weie not present here The radii of the rings 
and the spacing® are given m Table I 

Cholestlerol The substance used was Schermg-Khalbaum’s One millimetre- 
thick of the very finely powdered substance was used It gave two rings and the 
most interesting point about them was that their size appeared even from naked- 
eye observations to be slightly larger than those obtained with the two varieties of 
gall stones (Plate LYII, fig 3) Calculations of the spacmgs revealed the same 
difference, as is shc/wn in Table I — 


Table I 

Cholesletol and cholesleiol stones 


Particulars 

I ring 

II 

ring 

III 

ring 

Rtmauks 


r Innei radius 

0 2 

mm 

10 3 

min 

11 5 

mm 

Ti\o intense maxima 
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Outci radius 
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130 

9 

arcs in the I ring 
II ring nas rerv 
sharp I and III 


L Mean radius 

7 3 

>> 

10 3 

mm 

12 25 

99 

v ere also 

sharp 


Spacing (d) 

5 72 

A° 
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A° 

3 57 

A° 
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05 

mm 



12 0 

mm 



Cholesterol - 
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8 S 

99 
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Sharp lings 


! 

. Mean radius 

7 65 

tt 



12 0 

99 




Spacing (d) 

5 48 

A° 



3 49 

A a 
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Vesical calculus (human) Tbe stone was obtained from Peskawai, Noi tli-West 
Frontier Province , and was one fio'm Colonel McCatiison’s collection It was a 
fairly liaid, egg-sbaped, wlntisli stone weighing about a hundred grammes On 
sectioning it through its centre by its shoitei axis with a hack-saw, it was observed 
that the stone was made up of a central, haid, dark-colouied nucleus, suriounded 
by a broad, yellowish layer of uric acid, then alternating layeis of phosphates and 
urates, and finally an external whitish layer of magnesium ammonium phosphate 
A fairly representative sample of the stone was used m its finely powdered form, 
the thickness employed being above half-a-millimetie The X-ray diffraction 
pattern showed two sharp rings (Plate LVII, fig 4) The radii of the rings and the 
mtermolecular spacmgs calculated therefrom ale given in Table II 

Uric acid Since it was believed that the exposure given foi the above stone 
was not enough to excite the ash rings and that the diffraction pattern was derived 
mostly from its uric acid and urate constituents, pure uric acid (‘Khalbaum’s) 
was tried m its very finely powdered state It gave rise to four lings , only one 
of which was very bright, the rest were comparatively faint, the outermost 
ring being especially so (Plate LVII, fig 5) The ladn and spacmgs calculated 
therefrom are recorded below m Table II — 


Tabue II 

Vesical calculus (human) and put e unc acid 


Rartioulais 

I ring 

II ; 

ring 

III 

ring 

IV nng 

Remarks 

) 

’ Inner radius 

6 8 

mm 



13 3 

mm 



Vesical calculus 1 
(human) j 

Outer radius 

8 2 

r> 



15 0 

ft 


Sharp rings 


l Mean radius 

7 5 




14 15 

V 




Spacing (d) 

5 55 


i 

j 

315 

A° 




Inner radius 

60 

mm 

10 3 

mm 

13 3 

mm 

22 4 mm 

I ring very 

Uric acid 

1 Outer radius 

00 

>> 

11 5 

it 

15 5 


23 5 „ 

intense and 
broad , the 


(. Mean radius 

7 7 

” 

10 9 

*? i 

i 

144 

tt 

22 95 „ 

others com 
paratively 


Spacing (d) 

5 55 

A° 

3 96 

,4° 

311 

A° 

2 20 A 0 

faint, but 

not diffuse 


Vmml calculus (cattle) It was obtained from Kistna District, Madras 
residency, from a bullock ten years old , it was one from Colonel MeCarnson’s 
co lection Unlike human stones, cattle stones are usually small, gram-llke bodies 
often little bigger than a No 4 shot, having a light deep golden yellow sheen They 
hare a laminated structure of several layers all looking alike and having the 



1158 


Reseat dies on c Stone ’ 


same composition, tlie layers being thin and comparable to the thm coats of 
the onion 

A thin section of the stone was exposed for about tw elve hours when four 
faint but sharp ash rings at large angles weie obtained The radii and spacmgs 
are recorded m Table III — 


Table III 


Vesical calculi ( cattle ) 


Particulars 

I ring 

11 ring 

I1T ring 

TV ring 

Radius 

16 5 mm 

18 8 mm 

22 5 mm 

25 3 mm 

Spacing (d) 

2 70 A 0 

2 10 A° 

2 23 4° 

2 07 A° 


Discussion 

Cholesterol and cholesterol stones Comparing the A -ray diffraction patterns 
obtained from the two types of gall stones with those due to pure cholesterol, it is 
seen that m the pigmented variety, the rings were as sharp as those of powdered 
crystalline cholesterol, showing thereby that the substance is deposited m a micro- 
crystalline state, almost bordeung on colloidal dimensions , while the non-pigmented 
variety gave use to both rings and ‘ Laue 5 spots The ‘ Laue ’ spots indicate 
bigger crystals In both the instances, the rings were quite sharp In addition 
to the rings, there were two intensity maxima arcs observed m the pigmented stone 
in a plane perpendicular to the stnations of the stone Possibly there are two 
cases, one in which all the cry stalhtes are randomly distributed and the other 
in which the crystallites have been given orientation in certain preferential 
directions The ongm of this orientation is presumably due either to compression 
or to the method of deposition itself This phenomenon bears a close analogy 
to that occurring m pressed paraffin wax (Clark, 19276) and stretched gelatin 
(Clark, 1927c) , but the orientation is not so perfect Accordingly, arcs of 
intensity maxima rather than definite maxima points are produced m the 
Debye-Scherrer pattern The diffraction patterns obtained show, m general, 
that the substance has been given a fibrous structuie 

Cholesterol, the chief ingredient of gall stones, is chemically a complex molecule 
with several side chains The formula shows it to be fairly elongated One 
formula, shown below, has it as a polycyclic, secondary ring alcohol, with several 
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side chains among which isoamyl and vinyl group are to be identified, the latter 
giving opportunity for fuithei ling formation (Richter, 1922) - 

ch e 
CHOH 



Another formula gives it the following structure — 



The cholesterol monohydrate, C27H45OH, H 2 0, belongs to the triclinic 
pinakoidal system, a b c=0 375 1 0 396 , a=90° Ca, /3=100° 30 , y=90 Ca 
(Groth, 1910) 

Oompanng the diffraction patterns of the gall stones with that of pine choles- 
terol, it is seen, as remarked previously, that the rings m the Btones are smaller 
This may be due either to a structural re-arrangement m the cholesterol molecule 
itself, possibly m its side chains, or more likely to a finer state of division of the 
cholesterol crystals m gall stones It is well known that cholesterol undergoes 
reduction in the intestine to Coprosterol, C 2 ? H47 OH (?) (Richter, loc at) But 
it is more likely that the contraction of the rings may be due to a finer state of 
division Lowry and Bozorth (1928) have obtained a similar contraction of rings 
in graphitic charcoal prepared m a very fine state of division Krishnamurthi 
(1930) obtains for sugar charcoal a spacing of 3 8 A° which represents a much finer 
state of division than that of Lowry and Bozoith The lattei also observe that 
this fine state of division is associated with adsorptive properties The adsorption 
of bile pigments m the pigmented gall stone affords confirmative evidence for the 
extremely fine state of division of the cholesteiol crystals The absence of such 
adsorption m the non-pigmented stone is probably due to the bigger size of the 
crystals as revealed by the numerous ‘ Laue spots, though m addition to them 
rings were obtained The piepondeiance of the bigger size crystals perhaps masks 
the adsoiptive piopeities of the small amount of cholesterol m a fine state of 
division, the existence of which even m the non-pigmented stone is not denied 
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Sweet (1930) observes that m the formation of gall stones, there is a shift 
of the cholesterol from the colloidal to the crystalloidal state Whatever the 
antecedent state of cholesteiol in body-fluids may be, X-ray analysis shows 
that it is deposited in gall stones m the crystalline condition 

Yesical calculus {human) and unc acid The diffraction patterns obtained 
for the vesical calculus and uric acid showed some interesting features m common 
Pure uric acid gave rise to foui rings , the first ring being made up of two rings 
touching each other, the second ring veiy sharp but of feeble intensity, the third 
very intense and compaiatively bioad, and the fouitli very faint and sharp 
Compared to the outei edge of the first ring the inner edge was fainter The stone 
investigated was composed of uric acid and urates, magnesium ammonium phosphate 
and calcium phosphate , it contained a good percentage of each This stone gave 
rise to only two rings The innermost ring m the uric acid pattern was veiy broad 
and faint whereas m the stone pattern it was quite sharp and narrow The latter 
did not seem to be made up of two lings But the mean radii of the rings m both 
were exactly the same The second ring seen in the uric acid pattern was not 
observed in the stone pattern The third ring was quite sharp , yet its intensity 
was not as much as that m uric acid, and hence probably, the second and the fourth, 
the two comparatively faint rings, did not make their appearance 

The spacmgs expressed in Angstrom units, of the two rings obtained with the 
stone show unmistakably that they correspond to the uric acid component of the 
stone Though the stone contained, besides the uric acid, a good percentage of 
magnesium ammonium phosphate and a little calcium phosphate — components 
containing elements of comparatively higher atomic weight — possibly on account 
of insufficiency of exposure, the ash rings were not excited But the one definite 
result arrived at from X-ray study of the vesical calculus is that its uric acid 
component is deposited in a crystalline state, as shown by the identity of spacmgs 
of the rings obtained both with the stone and with pure uric acid Schade and 
Boden (1913) believe that uric acid is held in the urme m its colloidal state while 
Lichtwitz (1913) and Gudzent (1914) are opposed to the existence of a such colloidal 
state Haskins (1916) is inclined to believe that at least a part of the uric acid is 
held m the colloidal state As the state of uric acid m the stone is likely to give 
a clue to the state of its existence m the urme, it is assumed on a pi ion considerations 
that the uric acid exists m the urme m a crystalline state 

Yesical calculus ( cattle ) The cattle stone examined was made up for the 
most part of calcium carbonate , chemical analysis showed it to contain moisture, 

3 5 per cent , ash, 54 2 , total nitrogen, 0 4 , P2O5, trace , CaO, 44 4 , MgO 9 4 , 
and C0 2 , 38 4 , all figures excepting that foi moisture represent percentages on 
moisture-free stone (Ranganathan, 1931) The Sharp rings obtained m the diffrac- 
tion pattern show that the substance is deposited m the crystalline state The 
absence of uric acid m cattle stones is also indicated in the X-ray analysis 



Plate LVII 



Fig 1 — X ray diffraction pattern of human Fig 2 — X r<u diffraction pattern of human 

gall stone pignientpd variety gall stone non pigmented variety 



Fig 3 — JT-rav diffraction pattern of 
cholesterol 



l'ig 4 -X-ray diffraction pattern of vesical 
calculus (human) 


Fig 5 — X-ray diffraction pattern of pure 
uric acid 
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In conclusion, tlie author desucs to express lus most grateful thanks to Professor 
Sir C V Raman, ms, for his inspiring guidance and his keen interest in the 
progress of this work The investigation was carried out in the laboratories of the 
Indian Association for the Cultivation of Science, Calcutta, and foims part of the 
researches on * stone ’ conducted undei the direction of Colonel McCarnson 
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It is generally supposed tliat dermal infection with M l&pice is confined to 
tlie corram and that the stratified epithelium of the skm escapes infection and thus 
acts as a protective covering preventing the organisms escaping from the body 
and infecting contacts 

We had always held that the above view is correct except m severe cases of 
lepra reaction in which the epithehum is not entirely intact and M lepice can be 
recovered from scrapings of the epithelium 

The following case has, however, lead us to modify our view — 

Dhuen ( see Plate LVIII, figs 1 and 2) was at first treated at the skm clinic 
and p aSC lcK % osls Later an anaesthetic patch was found on one of his feet 
n e was sent to the leprosy department as a suspicious case of leprosy There 
was nothing in the appearance of the patient to lead one to suppose that he was a 
t C ° f e ^ r ° S ^ Ess that he was an advanced cutaneous case , but clip-smears 
TheT r ° m Vanous parts of tbe bod y ad showed large numbers of Hansen’s bacilli 
sweHinl^ 1101 f Slgn ° f a nodule anywhere on the surface of the body and diffuse 
cut of ti i- present t0 a certam extent, was hardly noticeable Sections were 
superficial S ' m and abunda nt acid-fast orgamsms were found especially in the more 

papilla werenotfllf /° riUm ^ CMy “ and ar ° Und the ca P llla nes The 
J up * flattened out t0 the extent generally found m this type of cutaneous 
’ ( 1163 ) 12 
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leprosy Eound tlie blood vessels there was small cell infiltration with a certain 
number of large epithelioid cells, but beyond the perivascular areas the elastic 
fibres were intact and no infiltration had taken place The vascular plexus m the 
papillae was picked out with acid-fast organisms almost as if it had been injected 
with them They were contained chiefly within the endothelial cells, though a 
ceifcam number had escaped from cells probably due to the process of sectioning 
But the remarkable thing was that large, round clumps of acid-fast organisms 
were found m the malpighian layer of the epithelium and flattened clumps were 
present lying between the flattened, more superficial epithelial layers and also 
inside the loosened scales on the surface (Plate LIX, fig 3) 

It was supposed at first that some of these organisms had been displaced by 
the microtome knife and carried on to the epithelium from the corium , but 
examination of other sections proved that this was not so, but that clumps of 
M lepne had actually entered the deeper layers of the epithelium and been gradually 
carried to the surface by the cells, the clumps being moulded to the shape of the 
successive layers of epithelial cells as they passed outwards 

Superficial scrapings of the epithelium were taken with a knife from various 
parts of the body, only the superficial scales being removed In several of these 
the scales were found to contain abundant acid-fast bacilli both singly and m 
clumps (Plate LX, fig 4) 

This is an important finding from the point of view of the dissemination of the 
disease M lepne encased m epithelial scales were constantly being shed from the 
whole surface of the patient’s body We have no direct proof that these organisms 
are alive, cultuial and experimental evidence not being available , yet the fact 
that they were umfoimly stained and had remained encased m epithelial cells 
without a chance of desiccation is m favour of their being alive and therefore a 
potent agency in spreading infection 

Subsequent scrapings taken from other patients with intact epithelium have 
m several cases shown similar findings 

It must therefore be recognized that unbroken epithelium does not always 
prevent the escape of M lepne from the surface of the body, as m some cases these 
organisms are shed from the surface of the skin either free or contained within 
scales of epithelium 





Plate L1X 
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THE VITAL CAPACITY OP 103 MALE MEDICAL STUDENTS 

IN SOUTH INDIA 

BY 

Captain B T RRISHNAN, b a , mb, b s , m sc , 

Pi ofessoi of Physiology, Medical College , Madias 
Assisted by 
C VAREED, mb, b s , 

Demonsliatoi m Physiology, Medical College, Madias 
f Received for publication, January 16, 1932] 

As the vital capacity test is not only of physiological importance but is also 
of valuable aid m the diagnosis of certain diseases, chiefly of the heart and 
the lungs, and in the guidance of treatment of such diseases, and as the vital capa- 
city standards laid down in the Western countries are not applicable to the people 
m a tropical country like India, it is necessary that vital capacity estimations 
shouldARYmade in different parts of the country and standards be laid down 
exclusively for Indians as m the case of every other physiological standard 

Dreyer (1919) pointed out that various races of people would probably be 
found to have different normal vital capacities Wilson and Edwards (1921) found 
the vital capacity of 38 coloured children of 8 to 14 years of age to be strikingly 
below the western standards and suggested a possible racial factor Poster and 
Hsieh (1923) examined 500 Chinese including women and found the vital capacity 
in men to be 2 0 litres and women 1 5 litres per squaie metre of body surface as 
compared with 2 5 litres m men and 2 0 litres in women m America Myers 
found, m small groups of Chinese and Philippines, the vital capacity to be lower 
than among the white races 

So far, very few estimations of vital capacity seem to have been done m India 
In 1929 Bhatia, m a paper read at the 16th Indian Science Congress, pointed out 
that the vital capacity m 100 Indians at Bombay was much smaller than that 
of Western people H N Mukher]ee and P C Gupta m a paper on basal 
metabolism, published m the Indian Jou rnal o f Med, real Reseal ch, 18. No 3 
Jannaryj^31, Referred to their observation that the vital capacity of 12 subiects 
averaged 2 225 litres per square metre (deviation of -14 8 per cent) and stated 

( 1165 ) 
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that according to tlic report on the ‘ students welfare scheme 5 of the University 
of Calcutta, the average vital capacity of Bengali male students was even lower 
than their average 

With a view to find the standards in South India, the vital capacity tests were 
made on 103 male medical students ranging from 18 to 29 years coming from 
different parts of the Presidency The dry type of spirometer was used for estima- 
tions Three trials were allowed m each case and the highest reading was recorded 
as the vital capacity Certain measurements of the body such as standing height, 
sitting height, weight, body surface area and chest circumference were also 
recorded The body surface area was calculated from the charts devised by Aub- 
DuBois, based on height-weight formula Table I represents the vital capacities 
and the measurements such as standing height, weight, and body surface, of 
103 subjects of 18 to 29 years of age Table II represents the vital capacities of 
58 subjects of 18 to 25 years of age included in Table I and their sitting heights 
and chest measurements 

The average vital capacity of all the subjects is found to be 2 29 litres and the 
average per square metre of body surface area to be 1 85 litres (Table III) 

The correlation between the vital capacity and certain measurements of the 
body such as standing height, weight, body surface, etc , has been shown bv 
workers in the West to be fairly constant 

Age — It was Wmtncli (1854) who assigned to age a great influence upon the 
vital capacity He found the largest vital capacities m persons between the ages 
of 20 and 40 Hutchinson (1846) had found the maximum to be at the 30th year 
More recently, Stewart (1922) found the maximum m boys to be at the 20th year 
and in the girls slightly earlier In the series of cases I examined, the range of age 
is too small to dogmatize about the influence of age, but, judging from the results 
recorded, there seems to be a gradual rise from the 18th year onwards up to the 
21st year when the maximum is reached and then a decline ( see Table III and 
Fig 1) 


Table I 

Showing vital capacity of medical students 


Number 

! 

Age 

Raco 

Height, 

cm 

Weight, 

kilos 

Body 
surface, 
sq m 

Vital capacity, 
c c 

Vital capacity 
per sq m , 
c c 

18 

18 

H Nb 

107 

52 5 

1 59 

2,658 

1,670 

108 

18 

H. Br 

166 

57 0 

1 63 

3,248 

1,995 

109 

18 | 

I C 

152 

36 5 

1 29 

2,000 

1,573 

48 

18 

H Br 

172 

54 0 

1 63 

2,660 

1,510 
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Table I — contd 


Number 

Age 

Race 

Height, 

cm 

Weight, 

kilos 

Body 
surface, 
sq in. 

Vital capacity, 
c c 

Vital capacity 
per sq m , 
c c 

9 


H Br 

175 

46 0 

1 55 

3,156 

1,897 

43 

19 

H Br 

156 

52 2 

1 48 

2,658 

1,790 

4 

19 

H Nb 

163 

48 0 

1 49 

3,642 

2,442 

19 

19 

H Br 

166 

54 1 

159 

2,790 

1,755 

20 

19 

H Br 

178 

45 4 

156 

2,772 

1,775 

42 

19 

H Br 

170 

49 1 

1 56 

2,160 

1,578 

22 

19 

H Br 

lb3 

48 5 

1 50 

2,790 

1,862 

66 

19 

H Nb 

160 

50 8 

1 51 

2,298 

1,520 

1 

20 

H Nb 

170 

56 2 

1 64 

3,690 

2,250 

38 

20 

S C 

164 

56 0 

1 60 

2,460 

1,546 

65 

20 

H Br 

167 

60 2 

1 56 

2,956 

1,892 

28 

20 

1 

169 

50 8 

1 58 

3,442 

2,180 

21 

20 

D 

177 

52 7 

1 64 

3,610 

2,200 

37 

20 


159 

44 6 

1 42 

3,200 

2,258 

47 

20 

H Nb 

174 

53 2 

158 

2,460 

1,560 

87 

20 

H Nb 

171 

54 0 

163 

3,280 

2,010 

15 

20 

H Br 

171 

60 4 

170 

2,694 

1,582 

3 

20 

H Nb 


54 5 

1 55 

2 , 658 

1,710 

7 

20 

H Nb 

165 

69 0 

1 61 

3,150 

1,955 

25 

20 

H Br 

168 

45 9 

1 50 

2,886 

1,925 

30 

20 

A I 

162 

57 3 

1 60 

3,398 

2,120 

49 

20 

H Br 

162 

54 5 

1 56 

2,740 

1,753 

53 

20 

H Br 

168 

52 7 

1 ro 

2,266 

1,420 

67 

20 

H Nb 

173 

48 8 

1 58 

3,280 

2,076 

64 

20 

H Nb 

165 

47 7 

151 

2,298 

1,520 

79 

20 

Jam 

170 

45 0 

1 50 

1,968 

1,312 
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Table I — contd 


Number 

Age 

Race 

Height, 

cm 

eight, 

Kilo 1 * 

Body 
sui face, 
sq m 

Vital ( apacit\, 
c c 

Vital tapa'iK 
per sq ni , 
c c 

26 

21 

H \ T b 

161 

43 4 

1 42 

2,790 

1,965 

17 

21 

H Br 

166 

44 3 

1 46 

2,740 

1,880 

16 

21 

H Nb 

166 

53 0 

1 58 

2,758 

1,742 

66 

21 

S C 

167 

54 0 

1 61 

2,330 

1,448 

31 

21 

A J 

185 

72 0 

1 95 

4,640 

2,380 

10 

21 

S C 

164 

54 0 

1 58 

4,150 

2,652 

8 

21 

R C 

159 

61 3 

1 52 

2,950 

1,942 

23 

21 

H Nb 

164 

48 7 

1 31 

2,920 

1,932 

73 

21 

H Nb 

170 

53 1 

1 el 

3,280 

2,040 

103 

21 

H Nb 

163 

49 6 

1 52 

2,072 

1,890 

100 

21 

I C 

168 

46 4 

1 30 

2,460 

1,640 

32 

21 

H Br 

171 

69 6 

1 81 

4,130 

2,284 

33 

21 

A I 

169 

54 2 

1 61 

3,858 

2,400 

74 

21 

H Br 

168 

62 3 

1 70 

3,510 

2,062 

81 

21 

H Nb 

165 

42 3 

1 43 

2,542 

1,780 

103 

21 

II Nb 

155 

44 5 

1 40 

2,S74 

2,051 

66 

22 

S C 

165 

48 8 

1 52 

2,460 

1,619 

39 

22 

H Br 

166 

55 7 

1 62 

2,166 

1,340 

85 

22 

H Br | 

166 

50 7 

1 56 

3,524 

2,260 

73 

22 

IT Nb 

170 

54 8 

1 63 

2 956 

1,810 

3S 

22 

H Bi 

105 

60 8 

1 55 

2,460 

1,588 

11 

22 

S C 

159 

45 4 

1 44 

3 082 

2,142 

61 

22 

H Br 

172 

47 3 

1 54 

3,138 

2,031 

112 

22 

H Br 

172 

56 8 

l 66 

3,200 

1,925 

S3 

22 

H Nb 

161 

60 0 

1 50 

2,790 

1,960 

111 

22 

H Nb 

180 

57 7 

1 73 

2,972 

1,715 
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Table I — conld 


Number 

Age 

Race 

Height, 

cm 

Weight, 

Lilos 

Body 
surface, 
sq m 

Vital capacity, 
c c 

| Vital capacity 
per sq in , 
c c 

34 

22 

A I 

1S2 

52 2 

1 68 

4,030 

2,400 

44 

22 

H Nb 


56 3 

1 64 

2,724 

1,660 

51 

22 

H Nb 

168 

54 1 

1 61 

2,298 

1,428 

62 

22 

H Br 

163 

55 5 

1 60 

2,626 

1,642 

71 

22 

Mob 

175 

54 1 

1 66 

2,412 

1,452 

72 

22 

H Nb 

159 

45 0 

1 43 

2,854 

1,995 

75 

22 

IT„ Br 


53 7 

1 62 

2,S40 

1,752 

77 

22 

H Bi 

160 

45 0 

1 44 

2,578 

1,788 

80 

22 

H Nb 

165 

48 2 

1 51 

2,956 

1,956 

90 

22 

I C 

169 

60 0 

1 69 

3,578 

2,112 

98 

22 

H Br 

168 

44 2 

1 47 

2,956 

2,010 

102 

22 

I C 

156 

43 3 

1 39 

2,510 

1,805 

2 

23 

t 

I C 

170 

50 7 

1 58 

3,150 

1,993 

21 

23 

s c 

164 

47 0 

1 49 

2,296 

1,540 

14 

23 

H Br 

160 

62 0 

1 65 

2,624 

1,595 

36 

23 

A I 

173 

61 0 

1 73 

3,442 

1,990 

96 

23 

H Nb 

163 

50 8 

1 53 

2,956 

1,928 

67 

23 

H Nb 

160 

52 0 

153 

3,440 

2,224 

54 

23 

H Nb 

172 

65 0 

1 78 

1 

3,790 

2,130 

76 

23 

H Nb 

161 

46 8 

1 47 

2,590 

1,764 

89 

23 

H Nb 

170 

50 9 

1 5S 

2 790 

1,765 

6 

23 

Moii 

165 

57 2 

1 62 

2,938 

1,810 

68 

23 

H Br 

163 

63 2 

1 6S 

3,034 

1 802 

99 

23 

H Bi 

176 

61 4 

1 75 

3,576 

2,040 

95 

23 

H Br 

174 

80 9 

1 96 

3,280 

1,072 

104 

23 

H Br 

174 

46 4 

1 54 

2,956 | 

1,916 
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Table I — conoid 
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Table II 


Number 

Age 

Sitting 

height 

cm 

Chest 

circum 

ference, 

cm 

Chest 

expansion, 

cm 

Vital 
capacity, 
c c 

108 

18 

89 0 

86 1 

4 6 

3,248 

109 

18 

75 5 

74 6 

3 1 

2,000 

48 

18 

88 4 

82 5 

2 6 

2,660 

9 

19 

91 4 

75 2 

3 3 

3,156 

43 

19 

82 5 

83 5 

46 

2,658 

4 

19 

85 1 

86 2 

4 7 

3,642 

19 

19 

88 4 

82 6 

25 

2,790 

20 

19 

90 7 

76 0 

30 

2,772 

42 

19 

88 4 

78 8 

2 5 

2,460 

1 

20 

87 6 



3,690 

38 

20 

84 0 

84 7 

25 

2,460 

65 

20 

90 4 

84 5 

6 o 

2,956 

28 

20 

85 6 

84 8 

30 

3,442 

29 

20 

86 4 

82 3 

4 5 

3,610 

37 

20 

81 3 

80 7 

0 3 

3,200 

47 

20 

91 5 

77 5 

25 

2,460 

87 

20 

88 4 

80 6 

38 , 

3,280 

15 

20 

82 6 

86 3 

2 6 

2,694 

26 

21 

84 7 



2,790 

17 

21 

87 2 

77 3 

2 5 

2,710 

16 

21 

87 2 

84 6 

25 

2,758 

56 

21 

89 2 

83 8 

2 6 

2,330 

31 

21 

98 0 

96 4 

5 8 

4,640 

10 

21 

83 3 

86 8 

8 5 

4,150 

8 

21 

85 0 

S3 8 

5 1 

2,956 

23 

21 

S4 8 

83 8 

16 1 

2,902 
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Table II — covtfl 


Number 

Age 

Sitting 

heisrht, 

cm 

Chest 
circum 
fere nee, 
cm 

Chest 

expansion, 

cm 

Vital 
capaciU , 
c 0 

78 

I 

| 21 

88 9 

SI 9 

38 

3,280 

105 

21 

83 8 

80 0 

2 6 

2,872 

100 

21 

82 3 

76 3 

25 

2,460 

12 

21 

87 5 

90 8 

38 

4,130 

55 

22 

86 6 

79 4 

3 9 

2,460 

39 

22 

87 7 

84 6 

25 

2,166 

85 

22 

83 8 

S3 1 

2 6 

3,524 

73 | 

22 

84 5 

88 7 

5 7 

2,956 

38 

22 

85 6 

84 3 

3 5 

2,460 

11 

1 

22 

84 7 

83 5 

30 

3,082 

61 

22 

84 3 

82 6 

25 

3,13S 

112 

22 

94 0 

85 7 

37 

3,200 

83 

22 

82 0 

82 9 

3 2 

2,790 

111 

22 

90 1 

S6 3 

26 

2,972 

2 

23 

85 1 

! 


3,150 

21 

23 

87 0 

; 


2,296 

14 

23 

87 2 



2,624 

36 

23 

93 0 

89 6 

3 3 

3,442 

96 

23 

83 5 

81 9 

3 8 

2,956 

67 

23 

86 8 

815 

30 

3,440 

64 

23 

88 1 

1 

96 9 

42 

3,790 

; 

76 

23 

83 8 



2,590 

89 

23 

84 2 

82 0 

26 

2,790 

6 

23 

81 3 

88 3 

40 

2,938 

68 

23 

87 0 

92 9 

29 

3,034 
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Table II — concld 


Number 

i 

Age 

.Sitting 

height, 

cm 

Chest 

oirouin 

feience, 

cm 

Chest 

o\pansion, 

cm 

Vital 
capacity, 
c c 

! 

i 

99 j 

23 

85 0 

92 7 

2 6 

3,576 

95 , 

23 

91 7 

98 1 

42 

3,280 

104 

23 

84 9 

75 6 

3 8 

2,956 

13 

24 

83 8 



2,460 

40 

24 

83 5 

87 1 

3 9 

2,624 

4 

j 24 

85 1 

92 2 

3 8 

2,460 

45 

i 24 

l 

83 8 

82 3 

45 

2,790 

70 

25 

SI 3 

83 2 

3 7 

2,510 


Table III 


Aveiage vital capacity according to age 


Age 

Number of 
subjects 
examined 

Average vital 
capacity, 
c c 

Average vital capacity 
per sq m,'cc 

18 

4 

2,642 

1,687 

19 

8 

2,821 

1,827 

20 

18 

2,013 

1,848 

21 

16 

3,182 

2,006 

22 

22 

2,869 

1,836 

23 

23 

2,967 

1,830 

24 

7 

2,887 

1,812 

25 

4 

2,809 

1,768 

29 

1 

2,362 

1,450 

Total Average 

103 

2,929 

1,849 
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Standing height — As early as 1846, Hutchinson decided that, of all measure- 
ments, height bears the closest relationship to vital capacity West (1920) found 

Fig 1 


Showing ? elation of vital capacity to age 



the height standard very useful m quick clinical work and calculated that every 
centimetre m height corresponded to 25 c c of air m men and 20 c c m women 
Edwards and Wilson found m children the correlation between the vital capacity 
and height more intimate than between the vital capacity and body surface or 
weight Each centimetre corresponded to 15 5 c c In Table IV the correlation 
between the vital capacities of the 103 subjects and their standing heights in 
centimetres is shown ( see Fig 2) A definite relationship between the two 
is found to exist Omitting the first and the last items showing only one 
subject for the height noted, the average for each centimetre works out to be 
17 5 c c in men 



Vital capacity in iitbes 
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Table IV 


Average vital capacity according to height 


Number of 
subjects 
examined 

Height, 

cm 

Average vital 
capacity, 
c 0 

1 

150 

! 2,000 

G 

155 

2,565 

16 

160 

1 2,838 

38 

165 

2,810 

2S 

170 

3,003 

10 

175 

3,191 

3 

180 

3,258 

1 

185 j 

4,640 

Fig 2 


Showing relation of vital capacity to standing height 
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Weight — Dreyer (1919) presented a formula based on body weight only, but 
after further study came to the conclusion that the vital capacity is more closely 
correlated to the body surface In Table V the vital capacities according to weights 
m kilograms are shown It is found that there is no close correlation between the 
vital capacities and the weights Increase m weight is often due to obesity of 
var 5 r ing degree and according to Myers obesity decreases the vital capacity because 
of the deposit of fat m the abdomen and the thorax But I find that when the 
increase m weight is due to good physique and muscular development, the vital 
capacity does have a re'ationship with the weight as seen by comparing the subjects 
m Table VI with good physique with the subjects m Table VII with obesity of 
varying degree 

Table V 


Aveiage vital capacity acconhng to weight 


Number of 
subjects 
examined 

Weight, 

kilos 

Average vital 
capacity, 
c c 

1 

35 

2,000 

1 

40 

2,542 

19 

45 

2,768 

23 

50 

3,200 

35 

55 

2,850 

u 

60 

3,168 

4 

65 

3,39) 

o 

70 

4,3S5 

i 

80 

3,280 


Table VI. 


Number 

Subject 

number 

Race 

1 

Age 

Weight, 

kg 

Vital 
capacity, 
c c 

1 

31 

! A I ; 

21 

72 0 

4,640 

2 

32 

H Br 

21 

69 5 

4,130 

3 

54 

IT N Br 

23 

65 0 

3,790 

4 

27 

I c 

24 

64 1 

3,880 

5 

' 

84 

II N Br 

; 

25 

61 8 

3,740 
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body surface is found to be 1 85 litres Tbe average for areas ranging from 
1 40 s quaie metre to 1 60 square metre is practically on a level but shows a rise 
from 1 65 square metre upwards {see Fig 3) There is a correlation between 
the vital capacity and the body surface m as much as there is a fall of vital 
capacity below 1 40 square metre and a rise above 1 60 square metre 


Fig 3 

Showing relation of vital capacity to body swi face 



Body surface in sq m 

Sitting height — Dreyer (1919) thought that this measurement was valuable 
Myers states that other workers have pointed out since Dreyer ’s pubhcation that 
the sitting height standard shows more variation than other standards and is not 
materially better than the standing height standards Table IX represents the 
average vital capacity according to sitting height The sitting heights were 
measured according to the specific directions given by Dreyer The measurement 
gives the distance between the ischeal tuberosities and the top of the head In 
the Table it will be seen that the vital capacity is more or less at one level between 
the heights ranging from 82 to 92 cm and shows a marked rise above that height 
{see Fig 4) So this measurement does not seem to be of much value. 
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Chest circumjei ence — This measurement again was found by various workers 
from Hutchinson downwards to show more variation than some of the other 
standards, though others like Arnold, Dreyer, etc , employed it m their studies 
Table X represents the average vital capacity according to average chest circum- 
ference The measurement was taken at the level of the nipples and the average 
of the circumferences on forced inspiration and forced expiration was noted 
No correlation is found to exist between the chest circumference and the vital 
capacity But taking the chest expansion alone there is found to be a definite 
relationship ( see Table XI and Big 5) 


Table X. 


Number of 

Average chest 

Average vital 

subjects 

measurement, 

capacity. 

examined 

cm 

c 0 

1 

74 

2,000 

4 

70 

2,836 

3 

78 

2,653 

4 

80 

2,963 

10 

82 

3,024 

13 

84 

2,786 

0 

86 

3,318 

3 

88 

2,839 

2 

90 

3,786 

3 

92 

3,023 

Nil 

94 


2 

90 

4,215 

1 

98 

3,2S0 


Table XI. 


Number of 
subjects 
examined 

Chest expansion, Vital capacity, 
cm c c 

1 

2 2,920 

25 

3 2,822 

15 

4 3,051 

6 

5 3,151 

3 

6 3,599 

1 

7 2,956 

1 

9 4,150 
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It will be seen from tlie foregoing description of the correlations between the 
vital capacity and other measurements, that variation m vital capacity does not 
depend entirely on any one particidar measurement and no standard based on 
any one measurement can be relied on For finding the normal vital capacity, 

Fig 5 

Showing i elation of vital capacity to chest expansion 



the standards based on more than one factor, i e , age, body surface, standing 
height and chest expansion, should be considered Even then, as Myers observes 
the vital capacity test is not infallible and individual variation offers one of it* 
greatest limitations 
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It lias been said that race and nationality definitely affect vital capacity 
In the cold climate of the Western countries, owing to the high rate of 
metabolism and increased oxygen consumption, there is constant increased 
pulmonary ventilation In those countries, there is also a tendency for 
constant physical exercise, resulting in constant increased depth of the 
inspiratory excursions For these reasons, the chests are bound to be adapted 
for larger vital capacities In the warmer climates, just the reverse conditions 
prevail and so the normal standaids are bound to be low But in all cases 
(Table XII) where there was good physique and good chest expansion as a 
result of physical training, the vital capacity was found to be high, i e , equal 
to or even a little more than the Western standard 


Table XII 


Subject 

number 

Race 

Age 

Height, 

cm 

Weight, 

kg 

Body 
surface, 
sq m 

Chest 

expan 

Bion, 

cm 

Vital 
capacity, 
c c 

Vital 
capaoity 
per sq m , 
litres 

10 

S C 

21 

164 

54 0 

1 68 

85 

4,150 

2 65 

31 

A I 

21 

185 

72 0 

1 95 

58 

4,640 

2 38 

32 

H Br 

21 

171 

69 5 

1 81 

3 8 

4,130 

2 28 

54 

H N Br 

23 

172 

65 0 

1 78 

42 

3,790 

213 

1 

H N Br 

20 

170 

50 2 

1 64 


3,690 

2 25 

29 

A I 

20 

177 

52 7 

1 64 

4 5 

3,610 

2 20 


So, in my opinion, the lower standards of vital capacity generally obtainable 
m tropical countries like India, are due not to race or nationality but to climate, 
less tendency for exercise, low metabolism and poor chest expansion 

Summary 

With a view to find out the standards of vital capacity m South India, the 
vital capacities of 103 male medical students of 18 to 29 years of age from the 
different parts of the Madras Presidency were estimated, and certain measure- 
ments of the body, such as standing height, weight, body surface, sitting height 
and chest circumference, were recorded 

The correlation between the vital capacity and the various measurements is 
discussed It is found that the maximum is reached at the 21st year A definite 
correlation is found to exist between the vital capacity and the standing height 
and the chest expansion With regard to body surface the vital capacity is on a 
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level foT surface area from 1 4 to 16 square metre and shows a decline below 
1 4 square metre and a rise above 1 6 square metre The relationship is not 
definite with regard to weight, sittmg height and chest circumference 

The average vital capacity foT all the subjects examined is found to be 2 93 
litres, 1 85 lities per square metre and 17 5 c c per centimetre of standing height 
4 It is considered that for finding the normal vital capacity, the standards based on 
age, body surface, standing height and chest expansion should be taken note of 
Among the subjects examined, there were a few cases with good physique and 
good chest expansion having vital capacities mote oi less equal to the Western 
standards 

The opinion is put forward that the low vital capacity, generally obtainable 
in South India, is due not to race or nationality but to the warm climate, less 
tendency for exercise, low metabolism and pool chest expansion 
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Introduction 

It lias been noted that an anti- vaccinia serum suitably prepared and adminis- 
tered m suitable doses either intravenously or subcutaneously to experimental 
animals confers some degree of protection against a subsequent inoculation of 
vaccinia virus On account of the close affinity between vaccinia and variola viruses, 
it has been suggested that such a serum could be used with advantage in tlie 
prophylaxis and treatment of smallpox One limitation is, however, that such a 
protection is not demonstrable once the vaccinia virus is firmly established m the 
tissues Andrews (1929), who studied the time-factor m such experiments, noted 
that such a protection could only be observed when the serum was at least five 
minutes ahead of the virus With simultaneous inoculations of both the virus and 
the anti-serum, the development of the local lesion was practically unaffected 
Thompson (1930) noted that an animal receiving 20 c c of potent serum intra- 
venously gave no reactions to undiluted virus injected mtradermally 24 hours later. 
Such complete protection was not, however, obtamed when Smaller amounts of 
the immune serum were used Craigie and Tulloch (1931) confirmed the observations 
of Andrews and found that by injecting rabbits intravenously with a flocculating 

( 1185 ) 
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serum m doses of 2 c c per kilo of body-weight, and vaccinating them one hour 
later with vaccinia virus, a considerable degree of passive immunity could be 
conferred m them 

As Craigie and Tulloch have pointed out ‘ this method of testing the degree 
of protection is probably very artificial, m that the virus is introduced into tbe skin 
m a highly concentrated form and its introduction is accompanied by seveie 
trauma’ The virus therefore gets very rapidly established m the tissues or, m 
other words, the incubation period m experimental vaccinia m rabbits is of a short 
duration Perhaps it is due to this factor, that when the virus is ahead of the 
immune serum even by a few minutes, the protective action of the latter is not 
readily demonstrated The question is obviously of some importance for to be 
of any use, the serum must be shown to have some neutralizing effect even when 
the infection is so firmly established As suggested by the Director of the 
Institute (Lieut -Colonel H H 'King, I m s ), it was therefore decided to repeat 
the foregoing experiments using monkeys as test animals, as the course of 
vaccinia m them is of a much longer duration than it is m rabbits, and later, if 
successful, to try the effect of anti-serum m the treatment of smallpox The 
experiments were done both with the viruses of vaccinia and vanola as monkeys 
are known to be susceptible also to the latter 

Technique and materials 

The anti-vaccmial serum used m these experiments v r as obtained from buffa- 
loes These animals are at present employed as a routine for the maintenance of 
potency of our seed lymph (Nijland’s method See Annual Report of the King 
Institute, 1923) A buffalo was vaccinated m the abdomen wuth lymph which had 
previously passed through another buffalo The lymph w'as removed after 120 
hours and the lesions allowed to heal Ten days later the same buffalo received 
an intravenous injection of 10 c c of 1 m 100 dilution of the buffalo lymph Two 
more injections were given at 7 days interval, and 10 days aftei the last injection 
the animal was bled through the jugular vein The blood was left m the cold 
room at 27°F No preservative was used It was found that a 1 in 40 dilution 
of the serum completely inactivated an equal volume of a 1 in 300 dilution 
of vaccine lymph having the potency noted below' w'hile its flocculating titre was 
1 in 40 

For vaccinia virus the routine calf lymph manufactured m the Institute was 
employed One cup was reserved for these experiments It w'as potent as tested 
on a calf m a dilution of 1 m 20,000 The serum was titrated against this 
virus 

Protective experiments with this serum were carried out m monkeys — 
Macacus svnicus — using both the viruses of vaccinia and variola The animals 
were vaccinated by scarification with 0 1 c c of either diluted lymph (usually 
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1 in. 500) or with variolar lymph obtained from cases of smallpox and immediately 
afterwards a suitable dose of immune serum was administered subcutaneously 

Experiments with vaccinia virus 

The course of vaccinia m monkeys is of a veiy much longer duration than what 
is usually seen in rabbits No visible reaction is noticed for the first two days, 
papules appear on the 3rd day, vesiculation commences on the 5th, vesicles 
maturing some time during the 6th to 8th day The scab falls off on or about 
the 14th day The object of the expenment was to determine, if and to what 
extent, the course of vaccinia was affected by the subcutaneous admmistiation of 
anti-vaccimal serum 

Expenment 1 

Two monkeys each weighing approximately 1,700 grammes were chosen 
They were vaccinated by scarification on the skin at the back with 0 1 c c of the 
following dilutions of vaccine lymph, viz , 1 in 50, 1 in 100, 1 in 200 and 1 m 500 
One of the monkeys received 10 c c of the anti-vaccimal serum subcutaneously 
and the other was left as control 

Result — All the dilutions took well in the control monkey, confluent vesicula- 
tion appearing with the 1 in 50 dilution and discrete vesiculation with the 
remaining three dilutions of vaccine lymph In the other monkey that had 
received the serum, discrete vesiculation appeared with I m 50, 1 m 100 and 
1 m 200 dilutions The protective action of anti-vaccimal serum was thus evident 
against 1 m 50 dilution of lymph and particularly against 1 m 500 dilution which 
failed to take entirely (see Plate LXI, figs 1 and 2) 


Expenment II 

The above experiment was repeated, but only 1 m 500 dilution of vaccine 
lymph was used m both the monkeys The dose of immune seium was 10 c c as 
before 

Result Normal vesiculation was obtained in the control monkey but theie 
was no take at all m the other monkey The result m the first experiment, 
viz , that 10 c c of immune serum gave full protection agamst 0 1 c c of 

1 m 500 dilution of vaccine lymph, was thus confirmed ( see Plate LXI, 
figs 3 and 4) 


Experiment 111 

As a control tire same experiment -was repeated, using normal buffalo serum 

,mmun \ seI ™ N °™al takes appeared m both the monkeys 
bormal buffalo serum had thus no protective action agamst vaccinia virus 
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In the foregoing experiments, the serum and the virus were both introduced 
almost simultaneously In the following experiments the serum was given at vary- 
ing intervals after vaccination with vaccine lymph. 

Experiment IV 

Four monkeys of approximately the same weight were chosen They were all 
vaccinated with 0 1 c c of 1 m 500 dilution of lymph as before Number one was 
left as a control Monkeys Nos 2 and 3 received 15 c c of immune serum at 1 hour 
and 4 hours respectively after vaccination Monkey No 4 received 5 c c of immune 
serum immediately after vaccination and 10 c c the next day, l e , 24 hours after 
vaccination 

Result — Monkeys Nos 1 and 4 showed a normal take, reaction appearing on 
the 3rd day, i e , at 72 hours In monkeys Nos 2 and 3 however, the vesiculation 
seemed retarded There was only a few papules noticeable at 72 hours At 96 
hours a few more appeared while at 120 hours there was no appreciable difference 
m the ‘ takes 1 in all the four monkeys Excepting for this late development of 
the reaction, the action of immune serum was not apparent m this series 

Experiments with variola virus 

It would appear from the foregoing experiments that an anti-vaccimal serum 
admimsteied as above, gives a definite degree of protection against a certain dose 
of potent vaccine lymph Since the serological identity of vaccinia and variola 
viruses has now been definitely established (Craigie, 1930) it was decided to see if 
anti-vaccinial serum gave protection against the variola virus as well Monkeys 
are particularly suitable for experiments of tins nature As was first pointed out 
by Copeman they leact verj r readily indeed to variola virus when it is introduced 
into the slun by the usual skin scarification method The susceptibility of monkeys 
to this virus had been tested in this laboratory on many occasions, and in 
no instance was a monkey found to be insusceptible to its inoculation The 
development of the lesions may be described as follows — 

The injury caused by scarification heals usually within 24 to 48 hours For 
72 hours, there are no signs of any commencing reaction Copeman noted that on 
the 3rd day the inoculated site was covered with a very thm crust When this is 
noted, a ‘ confluent take ’ finally appears When a diluted virus is used (or 
material with a low virus content) only discrete papules appear on the 4tli day 
These seldom assume any degree of prominence till after the 6th day Vesicula- 
tion appears on the 7th or 8th day The vesicles get dried up and the resulting 
scabs do not fall off till during the 3rd week Pitting of the skm at the site of 
old vesicles is usually seen Generalization occasionally appears but was not 
met with m the present series 
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Copeman found tliat in monkeys previous vaccination or variolation afforded 
protection against the subsequent inoculation of the corresponding virus Later 
researches do not confirm this view, for although vaccinia protects against variola 
the action is not recipi ocal to the same degree It must be noted that one 
passage through the monkey does not always result m the transformation of the 
variola virus into vaccinia virus Frequent passages through a senes of animals 
are occasionally required, and it is only when such adoption occurs that passage 
animals show any immunity towards subsequent vaccination with vaccine 

lymph 

The general technique employed was the same as before Variola virus was 
obtained for a case of smallpox m an unvaecmated child aged 2 months Variola 
lymph was removed on the 6th day of disease It was collected m 50 per cent 
glycerine water (one part of lymph and 14 parts of glycerine watei , dilution of ori- 
ginal material 1 in 15) 

The diagnosis of smallpox m this ease was never m doubt Further from this 
variolar virus vaccine lymph was obtained ultimately by adopting the usual monkey 
and calf passages The details are given later 

With this smallpox virus the following experiments weie done — 


Experiment V 

Two monkeys each weighing about 1,700 grammes were taken and on the 
shaved skin of the back 0 1 c c of the vnus suspension was introduced by scarifi- 
cation over an area 1 inch square One of the monkeys then leceived 15 c c of 
anti-vaccinial serum while the other was left as a control 


Result — In the control monkeys no appreciable reaction was noted till the 4th 
day On the 5th a few papules began to appear The subsequent development 
was very rapid, the whole scarified area being covered over with a confluent 
eruption giving the appearance of a raised patch of vesiculated surface The 
patch was then scraped lightly on the 8th day , the material was collected m 50 pei 
cent glycerine water and preserved m the cold room at 27°F for further passages 
on animals with a view to cultivate it into vaccinia virus The lesion ultima tel) 
healed and cabs fell off on the 17th day after inoculation Distinct pitting was 
noted on the inoculated site 


In the other monkey which had received a dose of serum the reaction was consi- 
derably delayed On the 7ih day a few papules about 20 m number were noted 
on the scarified area These developed into vesicles the next day These weie 

th f treatei 111 “n® W as before The lemons healed 

mr Ud ahead, “ f ab ° Ut tbe 1241 <*** No ™ observed 

ro merit S fT* * , C* ” ^ ^ ** 1 6 • ~1» » the con- 

troi monkey had fallen off (see Plate LXII, figs 5 and 6) 
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Conclusion — As compared with the reaction m the control monkey, some evi- 
dence of the protective action of the serum was obtained But as the result was 
not entirely conclusive the experiment was repeated with a slight modification 

Experiment VI 

Two monkeys were inoculated as before, but the virus was further diluted with 
equal parts of glycerine water (dilution 1 m 30) In the control monkey 0 1 c c of 
both the dilutions were introduced by scarification as before The other monkey 
received 0 1 c c of 1 in 30 dilution of variolar lymph and m addition 15 c c of anti- 
vaccimal serum 

Result — The control monkey showed 9 vesicles with each of the two dilutions 
inoculated The general development was the same as before In the other monkey 
only one vesicle was seen ( see Plate LXII, figs 7 and 8) 

Conclusion — The two foregoing experiments show definitely that anti-vaccmial 
serum afford some protection against variola virus as well, when the serum is given 
simultaneously with the virus 

Cultivation op vaccinia virus prom the material obtained 
PROM MONKEYS IN EXPERIMENT No I 

As has been noted before the material from these monkeys was preserved m 
50 per cent glycerine water m the cold room (27 D F ) A calf was subsequently 
vaccinated separately with material obtained from both the monkeys However 
only with the material obtained from the control monkey about 3 vesicles were 
noted on the scarified area on the calf These were scraped and the material passed 
on to another calf, when a-* reaction identical with that of vaccinia vmis was 
obtained It was thus confirmed that the case from which the material was 
obtained was of true smallpox 

The effect of giving the serum at varying intervals was then studied For 
this purpose the variola virus was obtained from another case of smallpox from 
pustules on the 6th day of disease and it was collected m 50 per cent glycerine 
water m a concentration of 1 in 20 As before, from this variolar lymph, typical 
vaccinia virus was cultivated by the usual monkey and calf passages 

Experiment VII 

Five young monkeys of approximately equal weight (1,200 grammes) were 
chosen . Each of them received 0 1 c c of variolar lymph which was introduced 
by skin scarification as before 

No 1 was left as control , No 2 received 15 c c of immune serum simultaneous- 
ly with scarification with the virus, and monkeys Nos 3, 4 and 5 received 15 c c of 
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immune serum 1 hour, 4 hours and 24 hours respectively after scarification The 

results were as follows — , - x 

The control mdnley — Definite evidence of confluent take at 7w hours llie 

scarified area was raised and cedematous Normal course of development there- 

Monhey No 2 — No reaction at all till the 8th day and it looked a failure On 
the 12th day 5 very small papules were noted They did not develop fuitber 

Monkey No 3 —Same as above Five papules were observed only after the 

8th day 

Monkey No 4 — A few vesicles were noted on the 5th day Few appeared 
later and on the lOtli day about 24 vesicles m all developed 

Monkey No 5 —General course of development the same as m monkey No 4, 
but on the 10th day about 45 vesicles were developed The reaction on that day 
looked more or less the same as was noted m the control monkey 

It thus appears that unlike what happens with vaccinia virus, the serum gave 
definite protection against variola virus even when it was administered 4 hours 
after scarification When it was so given 24 hours after scarification, the 
reaction was considerably modified 

The experiments were repeated on similar lines again and the results were 
generally confirmed These results are important, m that they show that 
an anti-vaccmial serum is likely to have some beneficial action in the treatment of 
smallpox, if it could be given sufficiently early in the disease, and so would justify 
the trial of anti-vaccmial serum for the treatment of smallpox m man 

Observations with human immune serum obtained prom convalescent 

CASES OP SMALLPOX 

From the foregoing experiments it is seen that a fairly large amount of immune 
serum was required to obtain an evidence of definite protection Probably with 
more prolonged immunization, a bettei serum for this purpose could be obtained 
For comparison therefore similar experiments were done both with the stock bufialo 
serum, and serum ob tamed from confluent cases of smallpox obtained dining 
convalescence, l e , after the scabs had fallen off completely Experiments weie 
done both with the virus of vaccinia as well as of variola The technique was the 
same as used m the foregoing experiments However as the supply of convalescent 
serum was limited, both the sera were given mlOcc amounts In monkeys 
receiving the convalescent serum no reactions appeared either with the virus of 
vaccinia, or variola In monkeys receiving the buffalo immune serum a modified 
take appeared with both the viruses It was thus found that m two experiments 

obhS wtlTlh’ ° Ua!ned Wlth wmvaI ' !sce, ' t mmm ’ were far superior to those 
obtaned With buffalo immune serum For experimental purposes, therefore it is 

proposed to use the human convalescent serum as standard, and to hyper-nmnimze 
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the buffaloes to such an extent at least that the anti-vaccmial titres of both would 
be about equal 

Summary 

1 The protective action of anti-vaccmial serum obtained from hyper-im- 
munized buffaloes was studied m experimental infection of monkeys with the 
viruses of vaccinia and variola The viruses were introduced by scarification and 
the sera were given subcutaneously m all cases 

2 When the serum was administered along with the virus considerable degree 
of protection was obtained both against the viruses of vaccinia and of variola 

3 When the serum was given at varying intervals, after vaccination with 
vaccine lymph, no absolute protection was demonstrated m any case but the course 
of vaccination was modified to a slight extent On the other hand the serum gave 
considerable protection against variola virus even though it was administered 
4 houis after the virus was introduced by scarification Even if the serum was 
given 24 hours after, the course of the reaction was considerably modified 

4 Serum obtained from convalescent eases of smallpox showed a much higher 
degree of protection than did that obtained with the buffalo immune serum 

5 The results warrant an extension of efforts both to produce from animals 
an anti-vaccmial serum of high potency, and to investigate the benefit that may 
be obtained by the use of convalescent human serum 

REFERENCES 

Andrews, C H (1929) Anti Vaccinia! Scrum, etc Jour Pathol Baclertol , 

32 , p 26 r > 

Craigie and Tulloch (1931) Further Investigations on the Variola Vaccinia Floccu 

lation Reaction Med Pcs Commei Special Peporl 
No 156, p 103 

Thompson, Richard (1930) Reactions on Vaccinia Immune Rabbits Jour 

Immunol , 19 , No 1, p 63 














Ind Jour Med lies , XIX, 4, April, 1032 


PHARMACOLOGICAL ACTION OP BERBER INE 

BY 

Lieut -Colonel R N CHOPRA, ma, me (Cantab ), imb, 

B B DIESHIT, mb, b s , dph, 

AND 

Captain J S CHOWHAN, mb, b s , aibo 
(Fiom the Department of Phaimacology, Calcutta School of T topical Medicine 

and Hygiene) 

Indigenous Drugs Senes No 32 
[Received for publication, January 22, 1932] 

The alkaloid Betbeiine is well known in medicine It occurs chiefly m 
Berbens anstata and other members of the berbcris family (N 0 Beibendece) 
It has also been found to occur m the roots and rhizomes of Hydiashs canadensis 
N 0 Ranunculacece It is also present m a large number of plants belonging to 
the natural orders, Memspermaceoe, Papaveiacece and Rutacecc, etc , which have 
been employed m the indigenous medicine in India for many centuries In both the 
Hindu and the Mohammedan medicine these plants have been used as diaphoretics 
and stomachics and also m the treatment of mariy skm diseases The plant 
barberry is no less interesting in biology for long befdre Sir J C Bose started his 
experiments on the motor mechanism of plants, certain movements of the anthers 
of this plant had been recorded m response to external stimuli Although berberme 
containing plants are largely used m the indigenous medicine m this country, 
the pharmacological action of berberme was not fully worked out Interest 
has also been recently aroused m this drug on account of its successful use 
in the treatment of deTmal leishmaniasis (oriental sore) 

Berberine bearing plants 

t Hie alkaloid berberme occurs in a_ large number of plants of the barberry 
family, gro wing m the north and western parts of the Himalayas at an altitude 

< H9T~y~~ — — 
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from 1,000 to 4,000 feet above the sea -level They grow m Bhutan and m the 
Nilgms m the south of India , m the European and American forests they are 
also to be found Berberme is present t o a greatei oi lesser extent m the following 
plants growing m India — 

1 Berbens anstata, N O Beiboidece, c ommonly know n as ‘ ophthalm ic 
barberry ’ or ‘ Indian barberr y ’ I t is known as chitra chotm and lashmal m 
Hind i, s mtiu, chili a m Punjab i, c hili a m Nepal an d chi') a in Persia n It grows 
m the temperate Himalayas at an altitude of 6,000 to 8,000 feet 

2 B eibens asiatica is know n i n the vernacular as hhrora mate-fossi o r chlra 
It grows m the dry valleys of the Himalayas at an altitude of 3,000 to 7,500 feet, 
as well as on the Paresnath Hills m Bihar 

3 B conacea, known in the vernacular as lashna l It is a large erect 
tliornv shrub growing in the North-West Himalayas above 8,000 feet 

4 B h/cVuin, lcnown m the vernacular as lashing] , clntra hislmul and 
daihahd It grows m the dry and hot parts of the Western Himalayas at an 
altitude of 3,000 to 9,000 feet from Garhwal to Hazara 

5 B n&palensis , kn own m the vernacular as avmdanda . chuor and imlhss i 
It grows commonly on the outer Himalayas from the Ravi eastward to Khasia 
and the Naga Hills and also m the Nilgins at an altitude of 5,000 feet 

6 B vulgans, known m English as the ‘ true bnrbeiry 5 I n the verna cular 
i t is known as zinslil, lashmaU chacTta r It is a deciduous thorny shrub growing 
m the Himalayas from Nepal westwards, m shady forests at an altitude over 8,000 
feet above the sea-level 

A crude extract made from the berberme plants is largely used m the 
in digenous medicine and is sold in the bazar under the name o f lasavl, la sanjava 
or lasavaiui 'i'lieie is some difference of opinion as to wdiether uiscml should 
be regaided as a special preparation from the root of B lycmm only, or from 
B asiatica or the two together Most of the extract met with on the market is 
denved from both the plants I t is pi escribed m dos es of from 10 to 30 grams 
with blitter in bleeding piles a n d as a bitter tonic and fcbnfu ge Mixed with 
butter and alum rasaut is used as an external applica tion for the eyel ids 
in acute conjunctivitis With camphor and b utter it . forms a constituent of_an 
oi ntment used against - acne , pimples and indolent ulcers Surgeon Joseph Parker 
found it very u seful m enlargement of liver and sple en 

Besides the various species of berbens some other plants used m the indigenous 
medicine are said to contain berberme — 

^ 1 Tmospera coidifolia, N O Mcmsjiermcicem, known m Sanskrit as gudneln, 
jnltagm (bile destroying), bhshahjmya (dear to the physician) and nirjaia (not 
perishing), and in Hindi and Bengali as gillo and gttlancha It is a climbing 
shrub growing on a number of high growing trees in tropical India, Burma and 
Ceylon 
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2 Covtis ieeta, N 0 Rammculaccce is k nown in Hindi as Mami ia, 
thslmitih^ uk ut ed as an eye-salv e Thisjfiant is commonly known as 
‘ cold thread ’ and is a native of the mountains bordering on Upper Assam It 
contains aslnuch as 8 5 per cent of berberme m the root 

3 Thalictnm foltosum, N 0 Banvnculacecr, is known m the vernacular as 
pw/an or pihjan The root resembles the liquorice root in appearance and is 

sold m the bazar under the name of jnhjan or piaianga 

4 Toddalia aculeata, N 0 Ruiacccc, k nown m the vernacular as Janqh-la h - 
mjicLox KdndCdCDohan It is a climbing shrub found m the lower Himalayas, 
and Bhutan at an altitude of 5,000 feet above the sea-level 

5 Coscimum fenesii alum , N 0 Memspermaccce, k nown in Hindi and Ben gali 
a s Dharhahh It is a^dimhmg plant which grows plentifully in the forests of 
Western India The wood yields a dj e resembling turmeric 

y 6 Xanthoxylum alatum, N 0 Rutacecc, known m the vernacular as Teyphal 
or Tamui This is a common shrub or bush growing m the temperate Himalayas, 
Bhutan and Khasia Hills The bark of tins plant and several other species of the 
same genus are said to contain berberme but w>e have not been able to detect any 
alkaloid m it 

y 7 Jateorihiza calumba, N 0 Mcmspermacem, known as Kalamhju m Hindi, 
Kalamba m Tamil and Kalamlcachi m Bombay It grows in the forests of East 
Africa along the Mozambic coast The drug appears to have been first introduced 
into India by the Portuguese 

Later researches have, however, shown that Tmospoia coidifolia, Thalictnm 
fohosum, Xanthoxylum alatum , and Jateorrhiza calumba do not contain any 
berberme at all 


The alkaloid berberine 

Ber berme C 23 H 19 NQ 5 is the chief constituent of Berbens an stota and 
Hydrastis canadensis ‘ G-olden seal ’ oc curring to the extent of nearly 2 5 per cen t 
B erberme is an intensely yellow and bitter alkaloid It is wudely distributed in 
the root and bark and is the mam source of the yellow colour of these plants 
It crystallizes out of the solution w it h ac etone and chloroform It melts at 
I— an( I wlien acidulated with sulphuric acid in a test tube and brought 
m contact with chlorme water it gives a blood red ring at the junction & It 
p recipitates with nearly all the alkaloidal pr ecipitants such as Mayer’s reauenfT 
pot assium iodid e, chromic and picric acids, platimc acid, g dT^hbnd^ ^b^Ln 
acid_and other acids m fairly low dilution and bromine water 

Berberme base dissolves m 4 5 parts of water at 21°C A number of salts 
smn_as_c^ihon ate, sulphate, hydrochloride, etc . ha ve been prepare d They all 
baveagHo wcolom >c d , are YCI ? 8 T™ n R 1 V soluble ffl wat« r except thel^tate 
d ° SP ^ have a solubility of 1 m IB parts of water The solubility 

14 
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of the sulphate is 1 in 150, but the acid sulphate is more soluble , the hydrochloride 
is soluble 1 m 400 parts of water The solubikty m water increases on warming 
the solution or on the addition of alcohol £md benzol A 2 per cent solution of 
berberme sulphate gives a thick heavy precipitate when it comes m contact with 
normal saline or blood In our experiments we used a 1 per cent solution of the 
freshly prepared acid sulphate having a pH of 5 8 

Pharmacological action of beiberme — Sollxnann (1892) reported that about 
85 per cent of the circulatory effects of liydrastis were due to the presence of 
berberme as its quantity was l\ times more than kydrastme and its action 
about 7 times as strong The lowering of temperature, increase of intestinal 
movements and death of the animal after hydrastme, it was suggested, were 
really due to berberme E Merck (1911) gave a brief description of the action 
of berberme 

Action on bacteria and potozoa ■ — Das Gupta and Dikshit (1929) found that m 
such dilutions as 1 in 80,000 berberme inhibits the growth of Leishmama tiopica 
m a modified NSN medium A comparison with protoplasmic poisons such as 
emetine, quinine, etc , will show that the action of this alkaloid on L loopica is 
a specific one This is obvious from the fact that whereas 1 m 1,000 of quinine 
will definitely inhibit the growth of L iropiCa and m similar concentrations of 
emetine the leishmama will grow luxuriantly, berberme m 80 times that dilution 
stops the growth of this protozoa 

Berber me has little or no action on the growth of bacter ia Even m such 
concentrations as 1 m 200 to 500, intestinal bacteria grow very well and the growth 
of such organisms as streptococci and staphylococci was not inhibited. 

Local action — Application of berberme to the in tact skm does not pro duce 
any inflammatory reaction , the conjunctiva Is not inflamed if a 1 per cent solution 
is applied to It The corneal refl ex is not altered after local applicatio n of the drug 
m rabbits When injected hypodermically or intramuscularly m the cat and the 
rabbit, there is no evidence of any inflammation at the site of injection Micros- 
copical examination of the tissues shows much exudation of lymph between the 
muscle fibres There is dilatation of the blood vessels but no migration of the 
leucocytes can be detected even 24 hours after the injection The lymph is slowly 
absorbed and the injections as a rule are painless 

Action cm the blood — Berberme does not altei the clotting time of the blood 
nor does it produce any marked changes m the blood corpuscles A 1 0 per cent 
solution floated over the serum produces a white ring at the junction of the two 
fluids If a few drops of a solution of berberme sulphate are added to a small 
quantity of Locke’s fluid, a thick flocculent precipitate is formed within 15 minutes 
The precipitate seen after addition of a berberme salt to the blood or serum is 
chiefly due to interaction of the alkaloid with inorganic salts of the blood though the 
proteins may also take some part m it 
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Toxicity —Toxicity of the alkaloid was determined on frogs, rats and rabbits 
The minimum lethal dose of berberme for frogs when given m the anterior lymph 
sac is 0 1 mg per gramme of body-weight The most prominent symptoms after a 
toxic dose are marked slowing of the respiratoiy movements, the reflexes are 
diminished and there aie signs of muscular weakness 

Rats are killed by a dose of 0 25 mg per gram when the injection is given 
through the tail vein though some may live for 48 hours As a rule they die within 

24 hours , . , 

The minimum lethal dose for rabbits is 0 1 g per kilo when given subcutaneously 

With such doses there is slowing of respiration at first but this usually passes 
of When the alkaloid is given intravenously m such doses as 75 mg per kilo 
through the ear -vein there is a marked acceleration of the respiration followed by 
slowing , convulsions may occur before death 

In the dog and the cat under anaesthesia, the dose required to stop the respira- 
tion varies between 50 to 100 mg m animals weighing between 2 and 4 kilos 
Death is usually due to respiratory paralysis although a very marked depression 
of the heart is also observed Usually the heart continues to beat after the respira- 
tion stops, and if artificial respiration is given it may continue to beat for a long 
time after 

Post-mortem examination of rats and rabbits who were given minimum lethal 
doses of the alkaloid shows two prominent lesions The lungs are m all cases very 
congested, become almost haemorrhagic and solid The auricles axe markedly 
dilated, but this is not always the case with the ventricles, the left ventricle 
may even show contraction Marked congestion of the lnngs and dilatation of the 
auricles are very constant features m these animals The liver is pale and yellowish 
in colour and does not show any signs of congestion , the spleen, the pancreas and 
the gut show no marked changes The kidneys show no evidence of congestion or 


discoloration and this would appear to suggest that the alkaloid is not excreted 
by the kidneys to any large extent Except the heart, the lnngs and the hVer, 
all the other organs of the body appear to he quite normal to the naked eye 

Absorption — The salts of the alkaloid axe absorbed completely when given 
intramuscularly or hypodermically When 5 to 10 c c of a 1 per cent solution are 
injected, there is generally no trace of the solution seen at the site of injection after 
48 hours Sometimes small granules are visible especially when the site is examined 
before 24 hours have elapsed The drug is completely absorbed within 48 hours 
leaving no traces behind The fact that m man the alkaloid is detected m the 
urine within about 20 to 30 minutes after its oral administration shows that the 
drug is absorbed from the gastro-intestmal bract fairly rapidly 

Digestive system —The movements of the stomach m unamesthetized cuts 
vere s u ie y inserting a balloon m the stomach throngh a gastric fistula The 
' mma WaS ° peTated 4 weeks before the records were taken and was brained to lie 
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down on the operation table quietly for hours together The drug was either 
injected hypodermically or was introduced into the stomach by means of a fine 
catheter inserted through the opening m the stomach along with the rubber balloon 
The immediate effect of the local application of any drug or saline is generally a 
temporary inhibition of the contractions of the stomach The movements, however, 
reappear quickly and come to the original magnitude m a couple of minutes 
Introduction of 3 c c of a 1 per cent berbenne solution inhibits the movements 
immediately after the application of the drug, but after absorption the amplitude 
of contractions is greatly increased (Graph I, a and b) Similar results are obtained 
after subcutaneous injections, the stimulation of contractions, therefore, is not 
due to local irritation 

Movements of the intestines m animals without anaesthesia were taken either 
with a Tlury-Vella fistula or with the exteriorized loop of intestines The Tlury- 
Vella fistula was made in the usual way, a tube of about 5 niches m length being 
left m the abdominal cavity for inserting a balloon and taking tracings 

Extenomation of the intestines was done after the technique described by 
Barcroft and Stephens for the exteriorization of the spleen A dumb-bell shaped 
incision was made in the median line m a dog and small loop of intestines about 
3 to 4 inches m length was taken out of the wound The wall of the intestinal 
loop was sutured to the two ends of the incision by catgut The peritoneum with 
the vessels and nerves was lodged m the linear portion of the incision m a fan-hke 
fashion Two or three stitches were put to close up the linear incision, the needle 
passing tlnough the skin, the subcutaneous tissue, the fascia and muscles on one 
side, pierced through the peritoneum without injuring the vessels or nerves and 
passed through the muscle, fascia, subcutaneous tissue and skm through the other 
side The two ends of the suture were tightened up m such a way as to close the 
wound without interfering with the blood supply Haemorrhage, if any, was 
controlled and the wound together with the loop was smeared with a thick laj er of 
sterilized vaseline The loop was protected with a small wooden box and the dog 
was muzzled There was marked inflammatory reaction m the loop after 24 hours 
and the movements of the piece of gut were completely paralysed for 2 to 3 da}s 
The inflammation gradually subsided and after a week the movements were clearly 
visible, and the loop was ready for experimental observations Tlie dressings 
consisted m washing the wound with warkn lysol and covering again with sterilized 
vaseline The tracings were taken by making a slit m the wall of the gut and 
inserting a small balloon inside the lumen The drug was introduced mto the 
lumen of the intestinal canal with a syringe, the needle piercing the gut wall Such 
injections are painless and the animal shows n'o sign of discomfort while the injection 
is given 

Of the two methods, Thiry-Vella fistula was found to be more satisfactory 
but the advantage m the exteriorized intestine is that an injection m the lumen 
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of the intestines can be given directly In both these methods the animal was 
trained to he down on the table quietly and this can be easily done by training for a 
fortnight or three weeks 

Inject ons of berbenne sulphate given to such animals either subcutaneously 
or through the intestines do not show a very marked alteration m the normal 
movements of the intestines Sometimes the tone of the muscle is slightly in- 
creased, but usually there is no change m the amplitude of contractions of the 
pendular movements 

The movements of the small intestines were also studied in the cat m situ 
by means of a Jackson’s Enterograph Injections of beiberme sulphate produced 
a momentary increase in the tone of the intestinal musculature and stimulation 
of the peristaltic movements followed by inhibition (Graph II, d] This effect, 
however, only lasted for a short time and after 2 to 3 minutes the gut resumed its 
normal tone and the movements became normal This increase of tone and accelera- 
tion of the movements were absent when the alkaloid w T as administered after 
atropine had been given m sufficiently laTge doses to paralyse the vagal nerve 
endings The alkaloid when injected subcutaneously ox intramuscularly would, 
therefore, appear to stimulate the vagal nerve endings 

The rhythmic contractions of the spleen are increased m very much the same 
way as by pentavalent compounds of antimony and this fact account for the provo- 
cative properties attributed to the alkaloid m chronic malaria 

Action on the cai diovasculai system — Berbenne sulphate injected intravenously 
m animals under urethane or chlorolose anaesthesia produces a sharp fall of blood 
pressure (Graph II, a and b) The amount of fall and its duration depend upon 
the dose of the alkaloid With smaller doses such as 1 to 3 mg per kilo, the fall is 
sudden but the recovery is rapid With larger doses such as 5 to 10 mg per kilo 
the fall is marked and is maintained for a considerable time The fall is accom- 
panied by an increase m the volumes of mtra-abdommal organs, e g , the spleen, 
the kidney, the intestines, etc (Graph II, a and c), showing that the vessels of the 
splanchnic area are dilated 

Perfusion of the blood vessels m frogs with 1 m 50,000 produces an increase 
m the flow of the perfusate showing that the vessels are dilated Perfusion experi- 
ments with the limb of a cat similarly show dilatation of blood vessels with dilutions 
higher than 1 m 10,000 


The heart m situ is depressed by such doses of berbenne sulphate as 3 to 5 
per kilo In cardiometer experiments, slight dilatation of the heart is observed 

( rap 1, 6), the myocardiograph experiments similarly show a depression of both 
the auricles and ventricles (Graph II, /) ^ 

1 m isolated mammalian and amphibian hearts with such dilutions as 

1 m 100,000 produces a definite depression (Graph II, d and e) 
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Respnatoiy system — According to Cnrci (1892) berbenne sulphate m warm- 
blooded animals produces respiratory distress and later emphysema , oedema of 
the lungs occurs and the animal dies of respiratory failure 

It has been already mentioned m connection with experiments dealing with 
the toxicity of the alkaloid, that one of the commonest findings m post-mortem 
examination after lethal doses is a marked congestion of the lungs often accompanied 
by haemorrhages Our findings, therefore, confirm the observations made by 
Curci 

Small doses of berberme sulphate such as 1 to 2 mg per kilo produce an initial 
stimulation followed by a depression of respiration and subsequent recovery 
(Graph II, a) The initial stimulation may either be due to fall of blood-pressure 
or to the minute embok formed m the lungs by precipitation of the alkaloid in the 
circulation m the same way as the organic compounds of arsenic and antimony 
The depression following the initial stimulation may be of the nature of simple 
apnoea following hyperpncea With largei doses of berberme, however, the initial 
stimulation is followed by profound depression which ends m complete cessation 
of respiratory movements This indicated that the alkaloid m larger doses may 
paralyse the respiratory centre, and we studied this effect m more detail by Thomas 
and Trank’s method The movements of the strip of diaphragm isolated by this 
method definitely show an initial stimulation (Graph I, c) followed after a time by 
marked depression Introduction of very low concentrations of the alkaloid into 
the cisterna magna also produced a profound depression of respiratory movement 
followed by complete cessation There appears to be no doubt that with toxic 
doses of this alkaloid death is due to respiratory failure and much larger doses are 
required to kill the animal if artificial respiration is maintained All these experi- 
ments point to the fact that berberme m larger doses has a marked depressant 
action on the respiration In smaller doses berberme sulphate produces a con- 
striction of the bronchioles and spasmodic breathing (Graph II, a) 

Gemto-unnaiy system — In our experiments spontaneous evacuation of the 
bladder contents was noticed whenever a large dose of berberme sulphate was 
given intravenously, particularly if the bladder was previously in a distended 
condition The movements of the bladder, when recorded m situ, showed an 
increase of tone and contractions (Graph I, d) The secretion of the urme is slightly 
diminished, but the effect appears to be mainly vascular for as soon os the blood 
pressure regams its normal level the rate of secretion becomes noimal 

The movements of the uterus, m situ, are increased with 2 to 4 mg pei kilo 
body weight (Graph I, e ) In perfusion experiments addition of berberme sulphate 
m concentrations of 1 m 100,000 or more produced an increase of tone and stimulated 
the rhyt hm ic contraction of the uterus (Graph I, /) 

Excretion — After absorption little or no alkaloid can be detected m the urme 
in experimental animals Post-mortem examination of the kidneys of experimental 
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animals also lends support to the view that the drug is probably not excreted 
thiough the kidneys No evidence could be obtained of the drug being excreted 
m the gastro-intestmal tract when given by the subcutaneous or the intramuscular 
route In man, however, the alkaloid can be detected m the urme m appreciable 
quantities after administration by the mouth A portion of the alkaloid is also 
oxidized in the body as was originally suggested by Berg 

Discussion— A definite and sharp fall of blood-pressure is observed in experi- 
mental animals after doses varying from 0 0015 to 0 002 g per kilo of berberme 
sulphate This fall is associated with an increase m the volume of the spleen, and 
the intestines and to a lesser extent m the kidney volume The fall m blood pressure 
is, therefore, associated with dilatation of the vessels of the splanchnic area associated 
with depression of the contractions of the auricles and the ventricles and a dilatation 
of the heart The fall in blood-pressure is less marked oi may be entirely absent 
m pithed animals and is probably central in origin As there is a small rise m 
the volumes, the spleen and the intestines even after paralysing doses of ergotoxm, 
the drug may also produce vasodilatation through direct depression of the muscles 
of the vessel wall This possibility is strengthened by the fact that berberme has 
a definite dilating effect on the blood vessels of the isolated limb Perfusion 
experiments also confirm the depressant action of the alkaloid on the vasomotor 


centre 

On the smooth muscles of the intestine, bladder, uterus, etc , the alkaloid 
acts probably mainly through the parasympathetic endmgs as this action was 
abohshed by atropine sulphate 

T herape utic uses of berberme — Be rberme containing plants have been us ed 
b y boththe~hmdu and Mohammedan physicians as a stomachi c a nd bitter tom e 
m the same way as quassia and calumba They have also b een used as a nti- 
penodic, al terative m remittent types of fevers The root paste is used as a 
p aint for acute ophthalmia in children It has also been u sed in the treatmen t of 
leprosy, snake bite , jaundice and vomiting of pregnancy Th e fruit or berrie s of 
A asiati ca ar e given as a cooling lax ati ve in children, the stems are said to be 
diaphoretic and laxative and are recommended m rheumatism The loot bark is 
iich mn bitter principles and is used, as a t ome and antipenodi c The ' crude 
cxtiact, rasaut , is given as a purgative m children as a blood •purifier and as an 
e xternal applicat ion m conjunctivitis m combmation with opium As. a local 
apphcatFir ir i ^da as an application for 'indolent ulcers a nd it has also been 
re commended for gastric and duodenal uW™ 

Berberme has been used by physicians practising the Western system against 
evei of intermittent types, malaria, vomiting of pregnancy and diarrhoea m doses 

UllFonT T T Sa ^ Stme (1926) Used berW as a P rov °cative for the' 
37 °V a f r laria Per °y ^ W advocated the hydrochloride in 
cases of malarial splenomegaly Jol ly (1917) first tr ied m the treatment 
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of oriental sore and since then other workers have confirmed its utility m this 
condition 

Malaria — Berberme and its compounds have been reputed to have effective 
antiperiodic properties m tbe indigenous medicine The Indian physicians used 
berberme salts m cachets m the tieatment of malaria m doses of 2 to 6 grams 
The sulphate m doses of 3 to 5 grams three times a day was tried by the semoi 
author in the treatment of a series of cases of malaria m the Carmichael Hospital 
for Tropical Diseases Doses of 3 grams three times a day on 3 consecutive days 
failed to arrest paroxysms of malarial fevers and microscopic examination of the 
blood revealed no change m the number of malarial parasites present In 9 cases m 
which it was tried, m no instance was there any change m the signs and symptoms 
produced by the diseases All infections whether those with P malantv, P uvax 
or P falciparum remained unaffected by this alkaloid Quinine administration 
m adequate doses in these very cases controlled the temperature and caused the 
disappearance of the parasites from the blood 

Beimal leishmaniasis — Das Gupta and Dikslnt (1929) gave local injections 
of berberme sulphate m the treatment of oriental sore and found it superior to 
injections of antimony compounds A 2 per cent solution of the sulphate was 
used for infiltrating the margin of the ulcer, the treatment being repeated every 
week As a rule not more than 2 to 3 injections were required to cure the sores 
which had resisted treatment with carbon dioxide snow, local applications of tartar 
emetic ointment and intravenous injections of antimomals and other measures 
The advantage of this drug lies in the fact that it produces a rapid and painless cure 
of oriental sore and the cost of treatment is very small 

Summary and conclusions 

(1) Berberme is not a very toxic alkaloid The M L D tor frogs and rats 
being 0 1 mg and 0 25 mg per gramme of body weight, the M L D for rabbits 
when given subcutaneously is 0 1 mg per gramme of body weight 

(2) The drug is readily absorbed from the gastro-intestmal tract and by the 

■snbc ntaneous^ and — intram uscular routes" " " ' • 

(3) It appears to be completely broken up m the body m rabbits as it can neither 
be detected m the faeces, nor m the urine and other excretions In man however, 
the alkaloid is found m the urine within a few hours after admmisi ration by the 
mouth 

(4) It has little or no effect o n the automatic movements of the gastro-intestmal 
trac t when introduced into the lumen of theg ut Intra^enoiisTinj^ctibnspfbTluce a 
momentary increase m the tone and peristaltic movements 

(5) Berbeune has a depressant effect on the cardio vascular system and 
produce s a~sharp and persistent fall of blood-pressure IhT Tn bU,UlKF ,olnf!on it 
depresses the amplitude and force of beats of the isolated mammalian heart , 
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myocardiograph experiments show slight depression of both auricles and ventricles , 
cardiometer experiments show a definite dilatation of the heart 

(6) The vasomotor centre is_depre ssed Th e blood vessels of the body generall y 
a nd of the splanchnic area particularly are dilate d 

(7) The respiratory system is very susceptible to the drug , s mall dose s 
stimulate respiratory centre producing acceler ation of the movements , wit h larger 
doses fherels initi al stimulation followed by depressio n V ery large doses produc e 
death by paralysing the respiration, the heart goes on beating long after the 
re piration stops 

(8) The co ntractions of the uterus and the bladder are stimulate d 

(9) Berberme has been clinically tried m a series of eases of malaria m doses 
ranging from 3 to 5 grains, three times a day It has no effect whatsoever on the 
clinical signs and symptoms or parasites of any forms of malaria 

(10) The alkaloid has been shown to have a remarkable effect on Leishncima 
tiopica which produces oriental sore In such dilutions as 1 m 80 000 of the alkaloid 
the growth of leishmama m modified N N N media is definitely inhibited A 
2 per cent solution injected at the base of the sore produces healing after 2 or 3 
injections 
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(From the Department of Chmcal Medicine, King Edward Medical College , 

Lahore) 
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In the coarse of previous work on osteomalacia (Hughes and others, 1929 
and 1930) it was found that the blood cholesterol was below normal m some cases 
of this disease The cholesterol was estimated by the method of Leiboff (1924) 
m which only a small quantity of blood or plasma (0 25 c c ) is extracted and the 
extraction is carried out without previous drying By this method figures varying 
from 114 to 160 mg per 100 c c of whole blood were obtained in ten normal persons 
As, however, the cholesterol content of the corpuscles is practically constant in 
health and disease, determinations are now usually carried out in plasma only 
and Gardner and Gainsborough (1927) using the very accurate digitonm method 
found the limits of normality for plasma to be 0 104 and 0 223 g per cent m the 
case of males and 0 078 and 0 227 g per cent m the case of females 

With a view to assessing the value of our earlier results we have recently made 
further observations on the plasma cholesterol m osteomalacia using both Leiboff’s 
method and the plaster of pans method of Myers and Wardell (1918) Our 
patients would not allow sufficient blood to be taken to permit of the digitonm 
method being employed and the free and ester cholesterol were therefore not 
separately estimated Hence our figures are still of limited value Still, as far as 
they go, they confirm the occurrence of low total plasma cholesterol m certain 
cases of osteomalacia They further indicate that the method of Leiboff 
when carefully carried out accoidmg to the original description and with due 
xegard to the factors affecting the accuracy 'of the colorimetric estimation of 
cholesterol, as enunciated by Gardner and Williams (1921), gives results 

( 1205 ) 
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winch correspond fairly closely with those obtained by the plaster of pans 
method Our previous figures can therefore be regarded as at least a tolerably 
close approximation of the actual amount of cholesterol m the samples of 
blood or plasma examined Gardner and Williams (1921) have shown that 
m the colorimetric estimation of cholesterol it is essential to work at a constant 
temperature, that the amount of H2SO4 determines the rapidity of development 
of the blue colour and to some extent its quality and that it is advisable to use 
concentrated H 2 S0 4 so as to exclude traces of water The amount of acetic 
anhydride added does not affect the result as long as there is an excess The 
following are comparative values obtained with Leiboff’s and Myers and Wardell’s 
method — 


LcibofT 

(nig per 100 c e ) 

Mjnrs and W arc] ell 
(mg per 100 e c ) 

1 

61 

! 

171 

142 

114 

135 

122 

112 

214 

202 

1S2 

143 

205 

202 

182 

143 

117 

111 

192 

169 


It is seen that Leiboff’s technique gives a higher result than Wardell’s m the 
majority of cases 

Among 15 cases of osteomalacia m whom the cholesterol content of the whole 
blood was determined by Leiboff’s method only (Hughes and others, 1929) there 
were 10 m whom the value was less than 100 mg and 3 in whom it was less than 
80 mg per 100 c c Plasma determinations on 12 others by both methods showed 
a value below 100 mg m 5 cases m all of whom except one it was below 80 mg Out 
of 27 cases, therefore, there was a definitely subnormal level m 7 and a very low 
normal level m 8 Although a low value was found only m severe cases some 
patients with normal or even super-normal plasma cholesterol also showed marked 
symptoms and signs 

The significance of the low blood cholesterol is not at all clear It is perhaps 
natural to assume that it is m some way associated with the vitamin (A and D) 
deficiency that exists m this disease Vitamin D has been shown by Harris and 
Innes (1931) not only to cause calcification of cartilage but to increase the absorption 
of Ca (or P ) from the intestine or to dimmish excretion into the gut It is possible 
that it is also concerned with the absorption and retention of cholesterol, especially 
of the ester fraction Gardner and Gainsborough (1930) have demonstrated a low 
plasma content of ester cholesterol m the early stages of biliary obstruction and 
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in complete biliary fistula and they attribute this to defective absorption from 
the intestine Tbe free cholesterol m these conditions is normal or slightly 

mcr 6 s 6 d ^ 

A low plasma cholesterol occurs m conditions of pronounced cachexia and 
lowered vitality m marked anamna and m febrile infectious diseases but we found 
the general state of nutrition and the condition of the blood to be no worse m 
the patients with hypo-cholesterolasmia than m others whose cholesterol was 
normal or above normal Nor did any patient sufier from pyrexia with the 
exception of one who from tune to time had bouts of low fever (99 F or so) of 
obscure origm 

Table 


Effect of treatment on the blood chemistry in 3 low cholesterol cases 
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The effect of treatment with vitamins A and D and calcium glycerophosphate 
is illustrated m the table (3 cases) Improvement m the clinical condition was 
associated with a rise m the cholesterol which was roughly parallel to the rise m ' 
inorganic phosphorus, although fluctuations sometimes occurred 


Summary 


The occurrence of low plasma cholesterol m some cases of osteomalacia has been 
confirmed 

Our thanks are due to Major H S Anand, IMS, Professor of Physiology, for 
permission to work m his Laboratory 

The expenses of this research were defiayed by the Indian Research Pund 
Association 
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(1930) 

Hughes, Shrivastava and Malik (1931) 
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[Received for publication, January 28, 1932] 

Lieut -Colonel Knowles, i m s , and Mr R Senior- White, fuse, have 
placed all workers on malaria under a deep debt of gratitude for the 1 Studies m 
the Parasitology of Malaria ’ published as Memon No 18 of the Indian Medical 
Research Memons, Decembei 1930 At what must have been enormous labour, 
they have given those interested m malaria a mass of information which they could 
nevei have obtained for themselves Hundreds of medical journals were searched , 
but much of the information was buried in. Government reports, some of which 
were available only to local workers They say ‘ And when we came to study 
the parasitology of world malaria, we gradually realized the amazing state of affairs 
m the hterature Throughout the tropics, wherever there is a French or Hutch 
Colony, malaria has usually been extensively investigated m that Colony, and the 
results published in well-known and readily accessible j ournals But for the British 
Empire the mfoimation is scanty m the extreme ’ The authors call for information 
to fill the lacunae m our geographical knowledge, and write (p 399), * Work in the 
Federated Malay States appears to have ignored the parasitological aspects of 
malaria, almost completely ’ 

For the sake of the British Empire I am glad to say that m Malaya, in addition 
to its unique and happy record of combined scientific and practical anti-malarial 
woik, a good deal of research has been done on the malaria parasites But it was 
begun so long ago as to be almost forgotten history , and as m India, much of it 

was not published m readily accessible journals, and some is buried in official 
reports 

{ Probably the fii st reference to malaria parasites in the F M S is m VoL I No 1 
of ‘ Studies from the Institute for Medical Research \ Kuala Lumpur, Federated 

( 1209 ) 
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Malay States, by Dr Hamilton Wnght(l), Director It is dated August 1901 
The title of the volume is ‘ The Malarial Fevers of British Malaya ’ He says — 

Table I 

‘ Out of 251 cases of fever personally studied by me — 

93 were Malignant Tertian 
78 ,, Benign Tertian 

56 , Quartan 

22 „ Pigmented Quotidian 

2 „ Unpigmented Quotidian 5 

To this volume 1(2) contributed a note on parasites and their percentages 
The latter are included m the next reference — which is the Selangor Medical 
Report(3) for the year 1901 Selangor is one of the states of the four Federated 
Malay States In it the State Surgeon, Dr E A 0 Travers, wrote — 

‘ Since 1st July all cases of malarial fever admitted to those hospitals m 
charge of District Surgeons have been diagnosed by the microscope ’ 

' The figures for the General Hospital, Kuala Lumpur, and the District 
Hospital, Klang, are as follows — 


Table II 



Total 

District Hospital, 
Klang 

General Hospital, 
Kuala Lumpur 

Malignant 

1SS 

131 

57 

Deaths 

27 

26 

1 

Percentage of deaths 

14 3 

10 S 

1 8 

Benign Tertian 

8Q 

48 

32 

Deaths 

2 

2 

0 

Percentage of deaths 

2 S 

4 1 

0 

• 

Benign Quartan 

li 

12 

5 

7 

Deaths 

0 

0 

0 

Percentage of deaths 

0 

0 

0 










M Watson 


1211 


‘ As most oi the hospitals axe imdei the care of untrained men, it is impossible 
to carry out the diagnosis of all cases of malarial fever by the micioscope ’ 

‘ The above figures, however, show clearly that all varieties of malarial fevei 
aie met with in Selangoi, also that, as m other parts of the world, the malignant 
type is the more common and the most fatal, whereas the quartan type is the rarest 

and the least dangerous ’ 

In 1901 the microscopic examinations at Klang were made by myself, and 
those at Kuala Lumpur by Dr Travers(4) Both of us had been at the London 
School of Tropical Medicine and knew our parasites 

Iu the following year, 1902, the figures for the whole State were as follows 


Table III 


Malignant 


Tertian 

Quartan 

Mixed Infection 
Type undiagnosed 


240 

181 

86 

13 

2,077 


They include those for my hospital at Klang During 1901 and 1902 the 
results of my own personal examinations alone were recorded As a busy District. 
Surgeon m charge of a considerable district and often away from headquarters, it. 
was of course impossible for me to examine every malarial blood personally A 
certain amount of further information is given m a note m my own hand-writing 
entitled ‘ Classification of Malaria at Klang Hospital, 1901 and 1902 ’ The note 
which is before me as I write, fortunately survived a white-ant disaster when I was 
on leave m 1908 It shows among other things the monthly distribution of the 
parasites The note also states that the blood examinations ceased on 4tli 
November, 1901, and were not resumed until the end of February 1902 (It 
was at the end of 1901 that the outbreak of malaria almost closed Port 
Swettenliam) 

The Table IV shows the numbei of cases diagnosed as malaria but. also where 
the type was not determined 

During 1901 and 1902, I trained my assistant, Mr 11 W B Lasaroo He 
learned quickly, and as I found him thoroughly reliable in this, as m other matters, 
the examination of malarial blood in Klang Hospital was m his hands from 1903 
onwards About 1909 he was transferred to Kuala Lumpui where he afterwards 
worked undei Dr William Fletcher, with such merit that on his retirement lie was 
awarded the Impenal Service Medal If the monthly returns of malaria from the 
Distuct Hospital, Klang, fiom 1903 to 1907 have been spared by white ants and 
other destructive agencies m the Stores of the Medical Department of Selangor at 
Kuala Lumpur there is contained in them an Harly record of malaria m Klang 
IC l lt J nlght be of mterest t0 ^cover, and for the accuracy of which I can vouch* 

15 


J, MR 
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KLANG HOSPITAL, 1902 
Table IV 
Malar la 



M 

M and 
BT 

M and 
B Q 

BQ 

BT 

! 

s 

BT 

and 

B Q 

Total 

type 

diug 

nosed 

Tv pc 
undiag 
nooed 

Grand 

Total 

Remarks 

January 




i 




74 

74 


February 

4 


! 

1 

5 


10 

35 

45 

Examination began 
at end of month 

March 

6 

1 

1 

1 

6 

5 

! 

i 


17 

17 

36 

On leaving spleen 
examination 
stained 

April 

■ 

1 


! 7 

2 


17 

B 

26 


May 

13 

1 



G 

3 


22 

10 

32 


June 

5a 



46 

3 


12 

, 

12 

24 

(а) 1 with ben ben 

(б) 1 with nephritis 

July 

12 

i 

1 

B 

6a 


23 

8 

31 

(a) 1 with nephritis 

August 

11 



i 

3 


15 

14 

29 


September 

10 



2a 

10 

1 

22 1 

' 

14 

36 

(a) 1 with diarrhoea 

October 

9 

1 



3 


13 

15a 

28 


November 

3a 

1 


3 

2 

1 

10 

15 

25 

(a) 1 with diarrluea 

December 

B 

■ 


2 

2 

■ 

11 

16a 

i 

17 

(a) 1 case coma 


86 

4 

1 

36 

i 

44 

i 

1 

: 

172 

241 

403 
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Early m 1903 Dr William Fletclier(5) arrived, and the number able to 
identify malarial parasites and tiam subordinates to do so was augmented I have 
no copy of the Selangor Medical Report for 1903, but m the report for 1905 
Dr William Fletcher gives the types treated at the General Hospital, Kuala 
Lumpur, as Table V — 


Table V 


Type 

1904 

1905 

Malignant Tertian 

137 

191 

Benign Tertian and Mixed 

42 

40 

Quartan 

2 

7 

Type undiagnosed 

124 

70 


In the report for 1905 the figures for the District Hospital under 
Dr McClosky(G) are given in Table VI — 

Table VI 


Type 

1905 

1904 

* 1903 

1902 

Malignant 

279 

193 

136 

81 

Quartan 

53 

55 

79 

55 

Benign Tertian 

56 

35 

26 

43 

Mixed types 

9 


12 



The mixed types were — 

Malignant and Benign Tertian 
Malignant and Quartan 
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' It will be observed that the order of prevalence of the Quartan and Benign 
Tertian is leveised this yeai ’ 

Piom Volume III of Studies fiom the Institute foi Medical Research, 1908 ’ 
by Dr Damels(8), I extract the following — 

* Malarial Parasites aie widely but not uniformly distributed The distribution 
of the different species as seen in the District Hospital m Kuala Lumpur are shown 
by Dr McClosky to be as follows — 

Malana at the Dislnct Hospital, Kuala Lumpw, dwwg 1903 
by A 3 McCloslyi 7), MB, C M (. Eihn ) 

1 Microscopical examination of the blood of all cases of malana was made 
at the Institute foi Medical Research, and a diagnosis made according to the parasites 
found 

2 Two hundred and fifty-three cases were treated during the year, classified 
according to the following types Malignant, Quaitan, Benign Tertian and Mixed 
types 

The following, Table VII, shows the number and percentage of each type 
and compared with the preceding yeai — 


Table VII 


T> pe« 

1903 

- 

1002 

Number 

Percentage 

Number 

Percentage 

Malignant 

130 

73 

73 

77 

43 77 

Quartan 

70 

tl 

22 

77 

30 72 

Benign Tertian 

20 

10 

27 

41 

12 0 

Malignant and Benign Tertian 

10 

1 

07 

3 

1 14 

„ and Quaitan 

1 


10 

1 

77 

Benign Ttrtian and Quai tan 

1 


39 

2 

1 11 

Totat 

273 


179 
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There has been a maiked increase of malaria this yeai as compaied with the 
previous yeai This increase is mainly due to the large number of admissions from 
amongst the coolies working at Ulu Gombak The order of pievalence of the 
different types of fever is the same for both yeais, and does not correspond with 
that given by Dr Hamilton Wright m his Study No 1 in which the Benign Teitian 
is shown to be more prevalent than the Quartan type 

The disti lets fiom which most of the cases came aie as follows (Table VIII) — 


Table VIII 




Quartan 

Benign Tertian 

Malignant Tertian 

PlR CL NT 

4 

3 

1 

Quartan 

Tertian 

Malignant 

Tertian 

Kuala Lumpur 

G(> 

20 

0 

■u 

30 i 

10 0 

50 

Gombak 

41 

12 

B 

30 

20 G 

0 0 

Gb C 

Am pang 

2S 

0 

i 

IS 

12 

3 

Gt 

lvcpong 

12 

7 

i 

G 




Pinthai 

10 

i 

i 

7 


* 


Pudoh 

S 

2 


G 




Ulu Klang 

7 

i 

i 

3 




Sungei Bosi 

7 

3 


1 




Simpang 

7 

1 

2 

4 




Setapah 

G 

1 


5 




Kajang 

0 

G 

i 

o 




Total 





20 7 

11 7 

58 5 
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The particular streets m Kuala Lumpur from winch the patients came could 
not be ascertained m all cases, but those obtainable were as follows — 

Batu Road 18 , Java Street 11 , Brickfields 8 , High Street 3 

The following, Table IX, shows the monthly admissions and rainfall — 


Table IX 


Months 

1903 

1902 

Admissions 

Rainfall 

Admissions 

Rainfall 

January 

17 

4 99 

17 

2 76 

February 

15 

3 68 

i 

6 

9 43 

March 

19 

9 19 

7 1 

6 91 

April 

28 

7 03 

13 

i 

13 71 

May 

20 

i 

13 81 

10 

9 99 

June 

25 

4 40 

i 

12 

6 99 

Julv 

21 

| 

1 07 

14 

3 19 

A.ugust 

12 

6 70 


7 46 

September 

22 

4 51 


5 48 

October 

IS 

11 58 


18 18 

November 

19 

8 82 

i 


19 4S 

December 

25 

12 55 


11 80 

Totat 

241 

89 23 

166 

llo 38 


The only deduction which can be drawn from the above table is that m each 
year the month m which the rainfall was lowest, viz , July and January respectively, 
was followed by the month m which the admission rate was lowest 
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The following, Table X, sliows that m the past two years there has been no 
great seasonal variation m the prevalence of the parasites — 


Table X 


Mouths 

Malignant 

Quartan J 

Bemgu Tertian 

Malignant and 
Benign Tertian 


Malignant and 
Quartan 

Quartan and 

Benign Tertian 

>4 

O 

H 

Malignant 

1 

J Quartan 

Benign Tertian 

Malignant and 
Benign Tertian 

Malignant and 
Quartan 

Quartan and 

Bemgn Tertian 


Total 

January 

6 

7 

4 


j 


17 

4 

s 

5 




17 

February 

5 

G 

4 




15 

S 

4 

4 




1G 

March 

8 

8 

3 




19 

3 

1 

2 



1 

7 

April 

11 

11 

2 

3 



2S 

7 

4 

3 




14 

May 

7 1 

7 

1 

3 


1 

20 

i 

3 1 

4 

i 

2 



1 

10 

June 

14 

10 ' 

1 




25 

7 

2 

2 

1 



12 

July 

15 

3 

1 

1 

1 


21 

2 


12 


1 


14 

August 

u 

1 

1 




12 

12 

4 

1 




17 

September 

14 

5 

1 

2 



22 

15 

5 


1 

1 


22 

October 

15 

2 

1 




18 

8 

7 

2 




17 

November 

*12 

6 

1 




19 

2 

3 

5 

1 



11 

December 

r 

1 4 

2 




25 

1 

9 





10 


Admissions of the Malignant type were more numerous during the last six 
months of the year, as the following figures show — 

1903 1902 

1st six months 51 33 

2nd ,, ,, 84 43 

‘ Malignant Pm a site — This is the most common parasite met with at the 
District Hospital Doubly infected corpuscles were frequently met with, and I 
have seen as many as five parasites m one eoipuscle Examinations of fresh blood 
films showed (1) young active amoeboid forms , (2) quiescent ringlets with and 
without pigment, pigment generally active, as fine granules or rods , (3) brassy 
bodies , (4) crescents and globular bodies of the crescent series 

Quartan Paiasite — Single infections are more common than in the Malignant 
and Benign Tertian feveis Fifty-three per cent of the cases were single infections. 
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Out of 41 cases, 22 weic single infections, 11 double and 8 triple Examination 
of fresli blood films showed (1) active young amoeboid foims (2) pigmented paia- 
sites, pigment sluggish and m foim of fine lods , (3) coipuscles not enlaiged and 
not changed m coloui , (4) spoiulatmg bodies 

‘Benign Teihan Paiasites — Double infection is common Out of 21 cases, 
14 were double and 7 single infections 

‘ Examinations of fresh blood films showed (1) young active amoeboid forms 

(2) pigmented paiasites, pigment very active, and in foim of fine granules, 

(3) hosts enlarged and pale , (4) sporulating bodies , (5) extra corpusculai 
foims , (6) small free pigmented bodies with the pigment very active 

‘ It may be noted that the prevalence of Quaitan shown in Dx McClosky’s 
leport is not umveisal thiougliout the Federated Malay States It is rare in 
Kuala Lumpui amongst Europeans and amongst the better class natives who 
are admitted to the General Hospital Out of 255 cases in which the blood was 
examined the proportions weie Quartan 2 pei cent, Tertian 40 pei cent, 
and Malignant Tertian 58 pci cent It is lare m othei districts such as 
Klang 

‘ Di H Wright (The Malanal Fevers of British Malaya, Studies from the 
Institute for Medical Research, No 1, Vol 1) gives out of 251 cases percentages 
of 22 3 pei cent Quartan 31 pei cent Benign Teitian and 4G 2 pei cent of 
othei types 

‘ Of the cases of malana treated at the District Hospital, only 28 8 per cent 
weie fiom Kuala Lumpur Of the remamdei 45, oi 23 per cent of the total, w r eic 
fiom Gornbak, a distnct where extensive w'oiks m paitially cleared jungle aic being 
carried out Under such circumstances m Malava, malana is as severe and 
prevalent as in bad paits of Africa ’ 

In othei States of the Federation, Di Braddon(9) and Di J Teitius 
Claike(lO) weie using the microscope as a routine, and tiaming subordinates to use 
it Indeed in the first decade of the century men m the Federated Malay States 
weie using the microscope to a greatei degree than I found m some othei countries 
twentvyeais latei Some lesults were published but moie, as I said, lcmamed m 
unpublished reports, as the novelty of detecting malanal paiasites passed off, and 
the piactice became a loutmc in all the laigei hospitals Many of these figures 
should still be available and might be obtained, if application w r eie made to the 
Semoi Medical Officeis of the States of Peink, Selangor ox Negn Sembilan 

Singapore 

In addition to the figuies in the Memou given by Dr Hunter foi Singapore 
the following are from a printed ‘ Repoit on Malana ’, 1911 by Dr Middlcton(ll), 
Municipal Health Officer, Singapore, one of Dr Hunters piedecessois The 
Repoit, which is veiv comprehensive, was piepaied at the time that I was 
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asked to draw up an anti-malarial scheme foi Singapore In that import 
Dr Middleton wntes — 

< j n 1905 Dr Fmlayson(12) found that out of 107 examinations “ practical lv 
all the cases showed Bubtertian (oi Malignant Tertian) infection ” Tn 4 yeai s (1907 
to 1910) the following lesults were obtained — out of G,708 specimens examined, 
paiasites were found m 4,430 cases and were classified as follows (Table XI) — 


Table XI 


Subtertian 

3,341, oi 75 4 

Simple Teitian 

707 „ 15 9 

Simple Quartan 

240 , 5 4 

Mixed Infection 

140 „ 32 


4,430 99 9 


‘ For the different years the proportions were as follows (Table XII) — 

Table XII 



1907 

Per cent 

1008 

Per cent 

1910 

Per cent 

Subtertian 

1 

: 

09 9 

73 7 

1 

70 G 

Simple Tertian 

23 4 

20 3 

8 G 

Sin pic Qimitdn 

5 1 

5 3 

7 2 

Mi\cd Infection 

1 4 

04 

5 8 


‘ The year 1909 is omitted for comparison because the total ir\imber of examina- 
tions was too small to yield reliable results The mixed infections consisted of 
Simple and Subteitian foims It partly accounts for the decrease m pure Simple 
Tertian infectious and shows that the increase m the Subtertian form is greater 
than appeals from the percentage prevalence of this form alone ’ 

‘ It Jill be seen that while Quartan infections have remained stationary and 
Simple Tertian have decreased by 11 8 per cent, Mixed infections and Subteitian 
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have increased by 4 4 per cent and 7 5 per cent respectively That is to say, Malarial 
fever has been assuming a severer type year by year ’ 

Dr Fmlayson who made these examinations was Government Pathologist 
It is interesting to compare the results of two sets of examinations — 



Dr I'mlayson, 1907 — 1910 

Dr Hunter, 1915 — 1928 

Subtertian 

3,341, or 75 4 percent 

2,130, or 40 per cent 

Simple Tertian 

707 „ 15 9 

2,990 „ 57 1 „ 

Simple Quartan 

240 „ 5 4 

113 „ 21 „ 

Mixed Infection 

1 

140 „ 3 2 

o4 


4,430 

1 

5,284 


The alteration m the percentage of the two species of parasites is very striking 
One cannot help asking what connection, if any, is there between the altera- 
tions of percentages and the great reduction m the death-rate from malaria 
and its associated diseases which followed the anti-malarial work so ably begun by 
Dr Middleton at the end of 1911, and continued by Dr Hunter 

Chart 1 shows the average monthly death-rates from all causes for the 
City of Singapore from 1903 — 1912 There was no anti-malarial work, and the 
great A maculatus wave during this period is well seen The little rise m the 
month of October is probably the result of malaria due to A umbiosus 

In the curve for the years 1913 — 1922 the rise m the month of October is due 
to the influenza epidemic of 1918 

The curve for the year 1929 shows that malaria is still less, and as Dr Hunter 
now points out, there is very little actually contracted m the town and the cases 
that occur are mostly imported 


Malignant Malana 

In 1901 I discovered a case of malaria m which nearly 40 per cent of the 
blood corpuscles were infected It was described m the Jom nal of Ti opical Medicine 
for July 15th, 1903(13), under the title ‘ A Note on the Parasites of a Case of 
Malignant Malaria, with a Discussion on the Development of the Crescent ’ 
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Chart 1 

^Singapore average monthly 

DEATH RATE FROM ALL CAUSES. 



1 903 - 1912 .. 1913 - 1922 . 1929 . 
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I note that ‘ where the film was thick hundreds of parasites could be seen in a 
single field In many corpuscles a number of young parasites weie seen , in one 
six were counted Another sinking feature was the number of the maturei fonns 
present , even rosettes were common In many places groups of as many as thnty 
almost fully-developed parasites were counted, reminding one of what is occasionally 
seen m cerebral and other capillaries ’ 

But of chief interest was the fact that not only were the asexual parasites 
fiom the youngest to the most mature stage visible, but the whole development 
of the gametes was also visible I need not describe the development here because 
it is well known now , but this observation is of interest because, at the time I 
wiote, the ongm of the crescent was still a mattei of dispute Bignami 
and Bastianelh held the view that, ‘After a variable number of paroxysms a 
eeitaru numbei of corpuscles with central pigment, instead of advancing to 
spoiulation, take the ovoid ox spindle form and develop into the falciform 
body ’ 

Mannaberg on the other hand thought that the crescent was the lcsult 
of the joining together of two parasites I w r as able to point out that ‘ the 
crescent is derived from a young amoeboid parasite and is at an eaily stage 
to be differentiated from the asexual parasites by the scattered pigment, which 
is relatively, and in the great majonty of paiasites, absolutely motionless, 
and by the pale staining protoplasm, the characteristics of the full-grown 
descent ’ 

This was, I believe, the first time that all the stages of the gametes w r eie seen 
in the peripheral blood in such profusion that the obseivci could easily distinguish 
and desenbe <hc complete development of the sexual and asexual hums What 
I desenbed tlieie has been repeatedly confiimed, and there is, of course, no contro- 
versy on the question now 

4 slide of this case was one of the cherished possessions of the late Di C W 
Daniels at the London School of Ttopical Medicmc wheic I saw it as late as 1008 
Di E A 0 Tiaveis had another The slide was also seen by Di H E Durham 
and many otheis in Malaya No otliei case like this w r as published until, I think, 
1909, when Cropper published one from Jerusalem , and about 1913 when W M 
James published a case from Panama All this is voiy ancient histoiy norv, but it 
shows that even at this early stage, the study of the paiasites of malaria were not 
being overlooked m Malaya as the Memoit supposes 

Qua) tan Malana 

In the Malayan Medical Journal of 1904(14) I published a paper entitled 
1 Some Clinical Features of Quartan Malana ’ It w r as re-published m April of the 
following year m the Indian Medical Gazette I refei to it now because the results 
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of analysing a series of 83 cases was to show that Quaitan fever is likely to he over- 
looked The opening paragiaph is as follows — 

« The most striking feature of the series of cases of Quartan malaria on which 
my observations have been made has been the absence, in the majority, 
of the characteristic Quaitan pyrexia The extraordinary periodicity 
of the pyrexia, which gave a name to the fever m ages long by, and 
which enabled the physicians of those days to differentiate it from 
the host of other fevers, was absent m no less than 60 6 per cent of my 
cases But for the examination of the blood, the essential element in 
many of the cases would have been overlooked, and the treatment 
futile ’ 

Also X point out that some of the cases were admitted, not complaining of 
fever but of other symptoms (Edema was very prominent Diarrhoea and 
dysentery was another group, Sometimes the complaint was of abscess or abscesses 
frequently of large size and comparatively painless 

I diew particular attention in this paper to the fact that m some cases ‘ the 
brunt of the disease appears to fall on the kidneys and chronic parenchymatous 
nephritis ensues’ In a paper with the title ‘Nephritis and Quaitan Fever’ 
published m the Journal of T topical Medicine of May 1st, 1912, Dr J Tertms 
Claike(15), Health Officer Perak South, Federated Malay States, gives a list of 
62 cases, and says, ‘ Every medical man knows that, given the malaria parasite, he 
may find albuminuria, but he does not know that given the albuminuria without 
fever, he may find malarial parasites 'in over 50 per cent of the cases and of this 
50 per cent almost 100 per cent are Quartan 

I have referred to my Quartan paper because an analysis of the temperature 
charts of 66 cases shows ‘ that m 18 per cent of the cases there was no pyrexia and 
in another 18 per cent the pyrexia occurred at long intervals and was sometimes 
not complained of by the patients at all ’ Now this means that Quartan malaria is 
very liable to be overlooked It masquerades m the guise of many other diseases 
This being so, one wonders whether the percentage of Quartan parasites 
returned from any country and published in the Memoii is not far below what it 
should be 


My own feeling is that, when the parasitology of malaria is studied more com- 
pletely Quartan malaria will be found to be much more widespread than is non 
realized It may be, as the writers of the Memon suggest, that Quartan malaria is 
a dying species On the other hand, it may be a species which has learned the 
advantage of prolonging its periodic sporulation , thus it reduces its destructive 
action on its host It has m fact learned to live a quiet life, spread over many 
months, unlike its cousin the Malignant parasite which lives a short and merry 

f W '°! e "’ e11 Let m eat, drmfc and be merry for to . morro ^ 
we and our host will die’ muuow 
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But whatever is discovered m the future, our successors m the years to come 
will always be indebted to Colonel Knowles and Mr Senior-White for giving 
them so extensive a lecord of the past I hope that the authors themselves will 
continue their researches on the lines they have already worked on I trust too 
that both they and others will follow up with an investigation of the lacunse of our 
knowledge which their Memon shows to be only too common From what I have 
indicated above there is probably a mass of information m old official reports m 
Malaya , and presumably in some other countries, which would well repay investiga- 
tion Even now the Memoi t is a milestone , and without milestones it is hard to 
measure progress on the highway of knowledge But it is even more , it is a stimulus 
to further effort, and an invaluable guide to all who are engaged m research on the 
parasitology of malaria 
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plague prophylactic, 987 
VACCINIA, protection of monkeys with anti 
vaceimal serum against viruses of vaccinia 
and vanola, 11S5 
VARIOLA, see vaccinia 
VEGETABLE FOOD STUFFS, studies in 
nutritive value of, 475, 859, 1041 
VENOM, pharmacological action of venom of 
Russell's viper (Daboia or Fijiera derjnns), 
1035 , see also antivenomous 
VIBRIO, see cholera 

VIGNA GATJANG (cow pea), nutritive > value 
of, S59 

VIPER 4 ELEGANS (Russell’s viper), see 
venom 

VIRUS, sec vaccinia 

VITAL CAPACITY, of male medical students 
m South Indu, 1165 

VITA51IN, some somces of vitamin C in 
India, 393 , synthesis of vitamin Bj and ‘ bios ’ 
by B t.itb/ufui, 977 
VULGATUS (Bacillus), see vitamin 

V ASSERMANN reaction, relation to protein 
graphs in syphilis, 1055 

WATER, behaviour of bacteriophage m sand 
Sltiation of raw water, 137 , deep tube-well 
watcis of Bengal, 447 
WILSON- WEIL FELIX reaction, 787 
WOMEN, diet and maternity conditions of 
women workers of Bombay, 485, basal 
metabolism of South Indian women, 75 

X-RAY diffraction studies of calculi, 1153, 

ZONDEK. ASCHHEIM TEST for pregnanoy. 
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